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Abstract 
Freshwater ornamental farming may be regarded as one of the emerging industry nowadays 
due to high demand of ornamental fishes as decoration or as food.  Neon tetra Paracheirodon 
innesi and guppy Poecilia reticulata are among the popular freshwater aquarium fish around 
the world because of their small size, attractive color and ease to culture. With high demands 
on export/import, production becomes intense and cost of production also expands. 
Significant proportion of the total operational costs of production goes to high quality feeds 
to ensure better nutrition and survival.    In larval hatcheries, Artemia nauplii are commonly 
used as food and vehicle of delivering nutrition and chemotherapeutants to produce good 
quality fish commodities.  With emerging environmental risks of using artificial and synthetic 
drugs, interest in the utilization of plant extract as alternative drug for aquatic animals 
receives growing interests.  The whole paper was conducted to evaluate the application of 
green tea enriched Artemia nauplii as food and antioxidant activity enhancer for freshwater 
ornamental fishes. Chapter 2 evaluated the improvement on the quality of Artemia nauplii in 
terms of total polyphenol content (TPC), total carotenoid (TC) and antioxidant activity 
through green tea extract enrichment via bioencapsulation technique.  Amount of green tea 
polyphenols with high antioxidant activity was observed after 6-hours enrichment using 
instar II Artemia nauplii.  In Chapter 3, instar II Artemia nauplii enriched with green tea 
extract (GTE) was fed to guppy fry to determine its effect on growth, antioxidant activity and 
stress resistance.  Based on the result, guppy fry fed GTE-enriched instar II Artemia nauplii 
have higher TPC and antioxidant activity which improved their resistance against salinity 
stress compared to control.  To prevent additional feed preparation in hatcheries, Chapter 4 
was conducted to determine the influence of fish size on growth performance and stress 
resistance of ornamental fishes like guppies and neon tetras if fed with GTE-enriched instar II 
Artemia nauplii.  After 10 days of feeding, control-fed and GTE-fed guppy fry have better 
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specific growth rate (SGR) than neon tetra juvenile and guppy adult.  But GTE-enriched fed 
guppy fry samples are more resistant when exposed to salinity stress.  To further assess the 
applicability of GTE-enriched instar II Artemia nauplii to neon tetra and guppy, their 
biochemical and digestive enzyme composition was determined in Chapter 5.  During the 10-
days feeding period no significant difference was observed on their total lipid and total 
protein content. Enrichment of green tea extract to Artemia nauplii did not also affect the 
protease and α-amylase composition of neon tetra and guppy.  This result is a good indicator 
when green tea is used because it can improve the stress resistance of aquatic fish, but does 
not alter their biochemical and enzyme composition.  This study as a whole presents a simple, 
economical and environment-friendly method of improving the growth and resistance of 
freshwater fishes against stressful conditions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
List of Tables 
 Page 
 
 
Table 2.1 Ca, Cb and total carotenoid of green tea enriched Artemia salina 
nauplii extracted with acetone over time. 
 
 
24 
Table 2.2 Ca, Cb and total carotenoid of green tea enriched Artemia salina 
nauplii extracted with acetone at different naupliar stages. 
 
24 
Table 3.1 Growth performance of guppy fry fed unenriched and green tea 
extract (GTE) instar II Artemia nauplii 
 
36 
Table 3.2 Total polyphenol content, diphenyl picrylhydrazyl (DPPH) free 
radical scavenging activity and total carotenoids of instar II Artemia nauplii 
enriched without (control) and with green tea extract (GTE) for 6-hours.   
 
37 
Table 5.1 Biochemical composition of neon tetra and guppy samples 
before and after the 10-day feeding period. 
 
64 
Table 5.2.  Total proteolytic and amylase activities of Artemia nauplii, 
neon tetra and guppy samples determined at 37
o
C 
 
64 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
List of Figures 
 
 Page 
 
 
Figure 1.1A Life cycle of Artemia 
 
4 
 
Figure 1.1B Delivery of essential nutrients, therapuetants, pigments etc. to 
target fish larvae using Artemia nauplii via bioencapsulation technique. 
 
 
6 
Figure 1.2A Principal tea producing countries in 2011. 7 
 
Figure 1.2B Structure of tea catechins and polyphenols 
 
 
8 
Figure 1.2C The mechanism of a typical phenol antioxidant. 9 
Figure 2.1 Total polyphenol content (TPC) of green tea enriched Artemia 
salina nauplii A) over time B) at different naupliar stages. 
23 
 
Figure 2.2 DPPH free radical scavenging activity of green tea enriched 
Artemia salina nauplii A) over time B) at different naupliar stages. 
 
25 
 
Figure 2.3 Total antioxidant (TA) activity of green tea enriched Artemia 
salina nauplii A) over time B) at different naupliar stages. 
 
26 
 
Figure 3.1 Photomicrograph showing the gut region of instar II Artemia 
nauplii after 6-hours enrichment without (a) and with green tea extract (b) 
at 3.50% salinity.  
 
33 
 
Figure 3.2 Total polyphenol content (TPC) of guppy fry fed unenriched 
(control) and green tea extract (GTE) enriched instar II Artemia nauplii. 
 
38 
 
Figure 3.3 Diphenyl picrylhydrazyl (DPPH) free radical scavenging 
activity of guppy fry fed unenriched (control) and green tea extract (GTE) 
enriched instar II Artemia nauplii. 
 
39 
 
Figure 3.4 Cumulative mortality (%) of guppy fry fed unenriched (control) 
and green tea extract (GTE) enriched instar II Artemia nauplii against 
salinity stress (3.50% salinity). 
 
40 
 
Figure 4.1  % Specific growth rate (% SGR day
-1
) of guppy fry, neon tetra 
juvenile and guppy adult fed with unenriched and green tea extract (GTE)-
enriched instar II Artemia nauplii for 10 days. 
 
50 
 
Figure 4.2 Total polyphenol content (TPC) of guppy fry, neon tetra 
juvenile and guppy adult fed with unenriched and green tea extract (GTE)-
enriched Instar II Artemia nauplii for 10 days. 
 
52 
  
v 
 
 
 
 
 
Figure 4.3 DPPH free radical scavenging activity of guppy fry, neon tetra 
juvenile and guppy adult fed with unenriched and green tea extract (GTE)-
enriched instar II Artemia nauplii for 10 days. 
 
Page 
 
 
53 
 
 
 
Figure 4.4 Cumulative mortality (%) of guppy fry fed with unenriched 
(control) and green tea extract (GTE)-enriched instar II Artemia nauplii for 
10 days against 3.50% salinity. 
 
54 
 
 
 
Figure 4.5 Cumulative mortality (%) of guppy adult fed with unenriched 
(control) and green tea extract (GTE)-enriched instar II Artemia nauplii for 
10 days against 3.50% salinity. 
54 
 
Figure 4.6 Cumulative mortality (%) of neon tetra juvenile fed with 
unenriched (control) and green tea extract (GTE)-enriched instar II Artemia 
nauplii for 10 days against 1.50% salinity. 
 
55 
 
Figure 5.1 Protease activities of unenriched (control) and GTE-enriched 
Artemia nauplii at different pH. 
 
 
65 
Figure 5.2 Protease activities at different pH in digestive tract of neon tetra 
fed unenriched (control) and GTE-enriched Artemia nauplii.  
 
66 
Figure 5.3 Protease activities at different pH in digestive tract of guppy fed 
unenriched (control) and GTE-enriched Artemia nauplii.  
 
66 
  
  
 
 
 
 
 
 
 
 
 
 
vi 
 
Table of Contents 
 
                          Page 
Abstract           i 
List of Tables         iii 
 List of Figures         iv 
Chapter 1. General Introduction       1 
1.1.  Artemia         2 
1.2. Green tea         6 
1.3. Freshwater Ornamental Production   10 
1.4. Aim and Outline of Thesis    11 
Chapter 2. Improvement of total polyphenol content,   14 
 total carotenoid and antioxidant activity  
of Artemia salina nauplii with green tea extract 
2.1.  Introduction      15  
2.2. Materials and Methods     17  
2.3. Results       20 
2.4. Discussion      27  
Chapter 3. Effect of green tea enriched Artemia    29 
nauplii on growth performance, antioxidant 
activity and stress resistance of guppy  
Poecillia reticulata fry 
 
3.1.  Introduction      30  
3.2. Materials and Methods     31  
3.3. Results       35 
3.4. Discussion      40 
vii 
 
          Page 
 
Chapter 4. Influence of fish size on growth     44 
performance and stress resistance of freshwater  
ornamental fish fed green tea enriched  
Artemia nauplii 
 
4.1.  Introduction      45  
4.2. Materials and Methods     46  
4.3. Results       49 
4.4. Discussion      55 
Chapter 5. Biochemical and digestive enzyme     58 
composition of neon tetra Paracheirodon 
 innesi and guppy Poecilia reticulata fed  
green tea extract enriched Artemia nauplii 
 
5.1.  Introduction      59  
5.2. Materials and Methods     60  
5.3. Results       63 
5.4. Discussion      67 
Chapter 6. General Discussion and Conclusion    70 
Acknowledgement        79 
References         80 
 
  
1 
 
 
 
 
 
 
 
 
CHAPTER 1 
 
General Introduction 
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1.1. Artemia sp 
Taxonomy 
 Artemia salina (L.) is a primitive aquatic arthropod (salt lakes) with an age of about 100 million 
years. It was first reported from Urmia Lake in 982 by an unknown Iranian geographer (Asem 
2008), and then in 1756, Schlösser pictured both sexes clearly. Linnaeus (1758) described it 
as Cancer salinus but 61 years later, Leach (1819) transferred it to Artemia salina (Asem et 
al. 2010). The taxonomic status of the genus Artemia is as follows (Martin & Davis 2001; 
Asem et al. 2010): 
Subphylum: Crustacea Brünnich, 1772 
Class: Branchiopoda Latreille, 1817 
Subclass: Sarsostraca Tasch, 1969 
Order: Anostraca Sars, 1867 
Family: Artemiidae Grochowski, 1896 
Genus: Artemia Leach, 1819 
- A. salina (Linnaeus, 1758): Mediterranean area 
- A. monica Verrill, 1869: USA (Mono Lake; California) 
- A. urmiana Günther, 1899: Iran (Urmia Lake; West Azerbaijan Province) 
- A. franciscana Kellogg, 1906: America, Caribbean and Pacific islands 
- A. persimilis Piccinelli & Prosdocimi, 1968: South America 
- A. sinica Cai, 1989: Central and Eastern Asia 
- A. tibetiana Abatzopoulos, Zhang & Sorgeloos,1998: China (Tibet) 
- Artemia sp. Pilla & Beardmore, 1994: Kazakhstan 
- Parthenogenetic population(s) of Artemia:Europe, Africa, Asia and Australia 
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Life cycle of Artemia 
The life cycle of Artemia sp. is summarized in Figure 1.1A. In its natural environment at 
certain moments of the year Artemia produces cysts that float at the water surface and that are 
thrown ashore by wind and waves. These cysts are metabolically inactive and do not further 
develop as long as they are kept dry. The dehydrated cysts measures between 200-270 
microns and an average weight of 3.5 micrograms (http://www.fao.org/docrep/003/w3732e). 
 Upon immersion of cysts in seawater, the biconcave-shaped cysts hydrate, become spherical, 
and within the shell the embryo resumes its interrupted metabolism. After about 20 h the 
outer membrane of the cyst bursts (“breaking”) and the embryo appears, surrounded by the 
hatching membrane. While the embryo hangs underneath the empty shell (“umbrella” stage) 
the development of the nauplius is completed and within a short period of time the hatching 
membrane is ruptured (“hatching”) and the free-swimming nauplius is born.   
After about 8-h, first larval stage (instar I) nauplii are produced, then after 12-h molts into 
second larval stage (instar II) and is now able to take up exogenous particles (Benjits et al. 
1975; Rodrigues et al. 2011). The larva grows through 15 molts and becomes differentiated 
into male or female (at least for sexual species) after the tenth molt (Criel & MacRae 2002).  
The maximum Artemia length is usually around 8-10mm for males and 10-12mm for females 
and their thickness approximates 4mm (including the legs) for both sexes (Criel & MacRae 
2002).  
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Figure 1.1A Life cycle of Artemia (www.flytrapcare.com) 
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Importance of Artemia in aquaculture production 
Artemia nauplii are used extensively worldwide as live food for the larval stages of 
commercially important freshwater and marine fish species due to their availability, low cost, 
ease of culture and biochemical composition (Kolkovski et al. 1997; Sorgeloos et al. 1998; 
Smith et al. 2004). Though, there have been much effort to develop larval or postlarval 
artificial feeds, live food organism like Artemia are still preferred in hatcheries.   One major 
nutritional difference between live food organisms and compounded feeds is the digestive 
enzymes in live food organisms. These enzymes of dietary origin (exogenous enzymes) play 
an important role in promoting the digestion and even growth of fish, especially in 
stomachless fish larvae or in larvae initially without stomachs (Dabrowski 1979, 1982; Chen 
& Lin 1992).  Since Artemia are nonselective feeders, they can be enriched or fortified with 
nutrient supplements to enhance their nutritional value or with the medications to provide 
health benefits for the animals to which they are fed (Lavens & Sorgeloos 1996; Touraki et 
al. 1996; Rodriguez et al. 2011). 
Despite the improved production of fish larvae through better husbandry and increased 
knowledge of larval nutrient requirements, stable productions are, nevertheless, limited by the 
outbreak of bacterial infections during the early life stages (Roiha 2010). Bacterial infections 
can cause up to 100% mortality that may result to economic loss. An easy and 
straightforward way of confronting bacterial diseases is to provide the proper 
chemotherapeutants to the fish larvae through the food chain by using bioencapsulation 
process (Touraki et al. 1996).  Bioencapsulation (Figure 1.1B) is defined as the process by 
which live food organisms are enriched with specific nutrients or drug molecules and fed to 
the target organisms (Aruvalsu et al. 2012).  Drugs that were successfully delivered using this 
technique are oxytetracycline (Touraki et al. 1995; Gomez-Gil et al. 2001; Langdon et al. 
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2003), oxolinic acid (Yahyazadeh et al. 2007; Touraki & Niopas, 2012) florfenicol (Roiha et 
al. 2010) and metronidazole (Rodriguez et al. 2011). 
 
 
 
 
 
Figure 1.1B Delivery of essential nutrients, therapuetants, pigments etc. to target fish larvae 
using Artemia nauplii via bioencapsulation technique.  
(http://images.engormix.com/e_articles/European_finfish05.gif) 
 
1.2. Green Tea 
Apart from water, Camellia sinensis (L.) is probably the most widely consumed beverage in 
the world (Muktar & Ahmad 2000; Anesini et al. 2008).  The annual production of tea is 
around 4.7 million tonnes per year as of 2011 with China as the leading producer (Figure 
1.2A FAOSTAT).  Tea comes from the leaves of the plant Camellia sinensis a member of the 
Theaceae family and is broadly categorized into three types green, oolong and black tea 
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based on the level of fermentation. During production of green tea, unlike the other two 
varieties, the leaves are rolled immediately after harvest with heat to inactive the polyphenol 
oxidase that is capable of oxidizing tea catechins and thus it is less fermented (Cheng 2006).   
 
Figure 1.2A Principal tea producing countries in 2011 (FAOSTAT). 
 
Green tea antioxidants 
Tea polyphenols are natural antioxidants and considered to be responsible for the 
anticarcinogenic and antimutagenic properties of tea, as well as protective action against 
cardiovascular diseases (Tanizawa et al. 1984; Shahidi & Wanasundara 1992; Tijburg et al. 
1997; Wiseman et al. 1997; Farhoosh 2007). The high antioxidant capacity of tea extracts are 
due to the presence of (+)-catechin, (-)-epicatechin, (-)-epigallocatechin, (-)-epigallocatechin 
gallate and (-)-epicatechin gallate (Figure 1.2B) (Salah et al. 1995). Dry leaf of green tea 
contains about 8-15% of catechins (Goto et al. 1996; Horzic et al. 2012). 
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Green tea has been reported to have higher antioxidant activity and a greater level of 
polyphenols compared to black tea (Koo & Cho 2004). They have even stronger antioxidant 
capacity compared to butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and 
DL-α-tocopherol; and the toxicity of tea polyphenols is lower than that of BHA, BHT and 
DL- α tocopherol (Chen & Wan 1994; Farhoosh 2007). 
 
  
Figure 1.2B Structure of tea catechins and polyphenols (Higdon & Frei 2003). 
 
Green tea extract polyphenols can act as antioxidant by quenching free radicals, inhibiting 
formation of free radicals and/or interrupting the propagation of free radicals and by acting as 
chelators for metal ions (Graham 1992; Chen & Chan 1996).  The hydroxyl group present on 
the polyphenolic compounds in green tea can interrupt propagation of free radical 
autooxidation chain by donating a hydrogen atom to stabilize the free radical (Kaur & Kapoor 
2001).  The mechanism of a typical phenol antioxidant is illustrated in Figure 1.2C. 
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Figure 1.2C The mechanism of a typical phenol antioxidant. 
(http://journeytoforever.org/biofuel_library/chemoils.html) 
 
 
Application of green tea in aquaculture 
Many studies in the past have indicated green tea to be a potent antioxidant. The antioxidant 
properties have been applied to food industries, pharmacological studies, cosmetics and 
recently in aquaculture.  Compared to other industries, application of green tea in aquaculture 
still lacks enough information for it to be established as effective antioxidant.  Previous 
studies utilized green tea as immunostimulant by incorporating it in fish diet that can increase 
disease resistance, improve survival rate, growth rate and antioxidant system (Sheikhzadeh et 
al. 2011).  However, this method can only be used when the receiving animal starts feeding 
on formulated diets.  
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1.3. Freshwater Ornamental Production 
Freshwater ornamental farming maybe regarded as one of the emerging industry nowadays 
due high demand of ornamental fishes as decoration or as food. Since 1985, the international 
trade in exports of ornamentals followed an increase trend with an average growth rate of 
approximately 14% per year (Aruvalsu et al. 2012).  In 1998, statistical reports to FAO shows 
257 million US$ import values for ornamental fish (www.fao.org/fishery/topic/13611/en).   
Because majority (>90%) of freshwater ornamental fish are capture based, industry NGO’s 
have taken steps to educate importers, retailers and consumers on the proper handling to 
ornamental fish to minimize environmental risks (www.fao.org/fishery/topic/13611/en).  
Cultivation can help sustain the ornamental fish industry, restore exploited and minimize 
future use conflicts (HBOI 2000; Tlusty 2002). 
Improvement of stress resistance must also be addressed since unlike food fish; exposure of 
ornamental fish to stresses does not end in the production period at the aquaculture farm. 
Their marketing involves shipment of densely packed fish, stressful conditions that often last 
for about 2 days (Dagar et al. 2010). At their new location, they are often exposed to new 
conditions and are relocated several times until reaching their final destination, often a home 
aquarium. The new environment poses environmental challenges and also exposure to 
different infectious diseases. Fish that have low stress resistance cannot withstand the stresses 
encountered during the transportation process, leading to relatively high post-shipment 
mortality within a week of arrival (Lim et al. 2002). 
Guppy 
Guppy is probably one of the easiest fishes to breed in captivity and is also the number one 
freshwater ornamental fish species imported into the United States accounting for 
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approximately 25% of the freshwater ornamentals fishes (Chapman et al. 1997). Guppies are 
live-bearing that are native of streams and rivers of South America (Hoade 1997). Though 
guppies are freshwater aquatic animals, they can survive for two to four hours after direct 
transfer to full strength sea water (Hopkins 2005). Wild guppies feed on algal remains, 
diatoms, invertebrates, plant fragments, mineral particles, aquatic insect larvae, and others. 
Neon Tetra 
Neon tetra, Paracheirodon innesi is one of the most popular among the aquarium hobbyist 
and fetches good price in ornamental fish market. Neon tetra belongs to the genus 
Paracheirodon in the family Characidae. They inhabit the streams of the Rio Putumaya in 
Peruvian Amazon near Iquitoes and Yarrapa River. In past, during a single month, an average 
of 1.8 millions of neon tetra, with an estimated value of US$ 1, 75,000 were imported into 
United States for aquarium trade (Chapman et al. 1997; Sanaye et al. 2012). Wild neon tetras 
are omnivorous and feed on plant matter as well as o crustaceans, worms and small insects. In 
captivity, neon tetras are considered quite difficult to spawn because it requires perfect-water 
conditions.  Majority of neon tetras found in pet shops are wild caught or bred by large 
breeding companies (http://www.aquaticcommunity.com/tetrafish/neontetra.php). 
1.4. Aim and Outline of the Thesis 
To satisfy the demand of commercial ornamental fish trade, aquaculturist shift to intensive 
production. During intensification, especially in larval stages, proper nutrition and medication 
must be provided substantially to minimize development of microbial diseases to obtain 
higher survival rate. In hatchery production, an easy and straightforward way of confronting 
this is to provide proper chemotherapeutants to fish larvae through the food chain by using 
bioencapsulation technique (Touraki et al. 1996). But since majority of exporters are from 
developing countries, economic costs are usually taken into consideration.  Use of 
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chemotherapeutants is limited because they are expensive and sometimes not available in 
some countries. Also, with emerging environmental risks, interest in utilization of plant 
extract as an alternative drug for aquatic animals receives growing interest. 
The plant (plant products) to be used must cheap, locally available or have the capability to 
be produced in the same country as the farms to enhance local economy. Among numerous 
plants, green tea as plant material probably has many advantages.  Green tea as the second 
most consumed beverage around the world is not only available in all countries, but safe to 
use as well for aquatic animals. The high amount of polyphenols, especially catechins have 
long been proven to have many beneficial side effects on human, but limited on aquaculture. 
Presently, no data was recorded on the effect of green tea enrichment on Artemia nauplii as 
well as its direct application on freshwater ornamental fishes.  The general objective of this 
study was to evaluate green tea enriched Artemia nauplii as food and antioxidant activity 
enhancer for freshwater ornamental fishes.   
In Chapter 1, an overview is presented about the importance of Artemia nauplii in 
aquaculture, green tea polyphenols and its antioxidant activity and the possible application in 
freshwater ornamental production.  
Chapter 2 incorporated green tea extract to Artemia nauplii to improve its total polyphenol 
content, total carotenoids and antioxidant activity via bioencapsulation technique. Best 
enrichment condition was determined according to time exposure of Artemia nauplii to green 
tea extract and based on different naupliar stages of Artemia. Green tea extract enriched 
Artemia nauplii were applied to guppy fry (Chapter 3) and influence of fish size (Chapter 4) 
was evaluated for its effect on growth performance and resistance against salinity stress. 
13 
 
Chapter 5 was conducted to make sure that feeding of green tea extract enriched Artemia 
nauplii only enhanced the antioxidant activity and not affect the biochemical and digestive 
enzyme composition of neon tetra and guppy. 
In chapter 6, the main results obtained in the previous chapters were discussed and 
conclusion was drawn throughout the thesis based on the framework of the research 
objectives. Additionally, the perspectives for further research are outlined. 
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CHAPTER 2 
 
Improvement of total polyphenol content, total carotenoid and 
antioxidant activity of Artemia salina nauplii with green tea 
extract 
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2.1. Introduction 
Artemia nauplii are used extensively worldwide as live food for the larval stages of 
commercially important freshwater and marine fish species due to their availability, low cost, 
ease of culture and biochemical composition (Kolkovski et al. 1997; Sorgeloos et al. 1998; 
Smith et al. 2004). The non-selective feeding behavior of Artemia also makes this organism a 
good biological carrier for transferring essential nutrients to predator larvae using 
bioencapsulation technique (Leager et al. 1986; Citarasu et al. 1998; Immanuel et al. 2001, 
2004). The naupliar stages of Artemia are normally used in bioencapsulation because they 
can effectively filter feed small particulate up to 30 µm in size (Dobbleleir et al. 1980; Smith 
et al. 2004).  During bioencapsulation, desired essential nutrients dissolved in water are 
ingested by nauplii with minimal amount of leakage when given to the fish or shrimp larvae. 
Thus, this technique is also developed not only for improving the quality of Artemia but for 
delivering water soluble antibacterial agents like oxytetracycline (Touraki et al. 1995; 
Gomez-Gil et al. 2001; Langdon et al. 2003), oxolinic acid (Yahyazadeh et al. 2007; Touraki 
& Niopas 2012) florfenicol (Roiha et al. 2010) and metronidazole (Rodriguez et al. 2011) to 
treat fishes affected by bacterial diseases in larval hatcheries. With emerging environmental 
risks of using artificial or synthetic drugs, interest in the utilization of plant extract as an 
alternative drug for aquatic animals increases. 
Plants contain phenolic compounds that have outstanding antioxidant and free radical 
scavenging properties (Hrelia et al. 2002). Antioxidants have shown to have multiple 
functional and remedial properties that include anti-radical, anti-carcinogenic, anti-
inflammatory oxidative stress reduction, and cardio protection (Chan 2010).  In addition to 
polyphenols, carotenoids present in plants were reported to serve as antioxidants and as 
source of vitamin A for animals (Ong & Tee 1992; Miki 1991; Briton 1995; Ni et al. 2008).   
16 
 
Among the numerous plants exhibiting potential source of natural antioxidants, tea is an 
excellent source of polyphenol antioxidants (Hrelia et al. 2002). Tea is a well-consumed 
beverage worldwide mainly because of the many beneficial health effects it has on human. 
Compared to black tea, green tea has been reported to have higher antioxidant capacity and a 
greater level of polyphenols (Koo & Cho 2004). Aside from polyphenols, green tea also 
contains fibers, proteins, carbohydrates, fat, peptides, minerals and organic acid (Sato & 
Miyata 2000; Bae & Lee 2010). In aquaculture application, previous studies utilized green tea 
as immunostimulant by incorporating it in fish diet that can increase disease resistance, and 
improve survival rate, growth rate and antioxidant system (Sheikhzadeh 2011).  However, 
this method can only be used at the stage when the receiving animal starts feeding on 
formulated diets.  
For fish larvae, delivery of natural antioxidants from green tea can be done by first extracting 
them from the green tea leaves using water, then enrich the Artemia nauplii through 
bioencapsulation, and finally feed the nauplii to the larvae. The advantages of this method are 
its simplicity, lower economic cost and eco-friendliness. However, before giving it as a food 
it is important to know first if green tea extract was indeed enriched to Artemia nauplii during 
bioencapsulation. The aim of this paper was to determine the improvement of green tea 
extract to the total polyphenol content, total carotenoid and antioxidant capacity of Artemia 
nauplii. The study also determines the best condition of enriching green tea antioxidants to 
Artemia nauplii. 
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2.2. Materials and Methods 
2.2.1. Sample preparation of green tea extract 
A pack of commercial green tea leaves was purchased from a local supermarket in Tsukuba 
City, Japan.  Tea sample was pulverized using coffee grinder and sieved at 120 µm.  Green 
tea-water-infusion was prepared based on the method used by Komes et al. (2010). Tea 
powder was mixed with distilled water (1 mg/mL, w/v) at 80
o
C and slowly stirred for 5 
minutes.  After extraction, the solution was cooled to room temperature and sieved at 120 
µm. Salinity of tea extract was adjusted to 3.50% by adding artificial seawater powder and 
reserved for enrichment experiment. 
2.2.2. Hatching of Artemia  
Artemia salina cysts were obtained from a commercial supplier (A&A Marine) which 
originally came from Salt Lake, Utah USA. Hatching of cysts were carried out in 2 g 
cysts/300 mL of 3.50% artificial sea water (Benijts et al. 1975). The 24h-incubation was 
conducted in thermo-controlled room set at 25
o
C with light and vigorous aeration. Nauplii 
were separated from cyst shell for enrichment with green tea. 
2.2.3. Bioencapsulation of Artemia nauplii with green tea water extract 
2.2.3.1. Green tea bioencapsulation over time 
Newly hatched Artemia nauplii were enriched for 24 hours with green tea water extract 
prepared as mentioned above.  Samples were collected after 0, 3, 6, 12 and 24 hour’s 
enrichment period.  Enriched Artemia nauplii were sieved at 120 µm, washed with tap water, 
and then with distilled water, blot dried in paper towel and finally kept at -30
o
C for further 
analysis. 
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2.2.3.2. Green tea bioencapsulation using different naupliar stages of Artemia  
Newly hatched Artemia, instar I and instar II naupliar stages (typically 0, 8 and 12 hours after 
hatching) were enriched in previously prepared green tea extract (GTE) at 3.50% salinity 
(Benjits et al. 1975; Rodrigues et al. 2011). Enrichment period was conducted for 6 hours, for 
it showed high results on a previous study by the team (not published), at thermo-controlled 
chamber set at 25
o
C with light and vigorous aeration. Enriched Artemia nauplii were 
collected by sieving with 120-µm sieve, washed with tap water, then with distilled water, blot 
dried in paper towel and finally kept at -30
o
C for further analysis.  
2.2.4. Determination of total polyphenol content (TPC) 
Extraction of TPC from Artemia nauplii was based on the method used by Anesini et al. 
(2008) where about 0.2 g of each sample was weighed in an extraction tube, and 5 mL of 
70% methanol at 70
o
C was added.  The extract was mixed using a vortex mixer and heated at 
70
o
C for 10 min.  After cooling to room temperature, the extract was centrifuged at 200 g for 
10 min.  The supernatant was decanted in a graduated tube.  The extraction step was repeated 
and extracts were pooled and the volume was adjusted to 10 mL with cold 70% methanol.  
Estimation of TPC was done by colorimetric assay based on procedures described by Komes 
et al. (2010).  Sample (50 µL) was mixed with 2.5 mL Folin Ciocalteu’s phenol reagent, 0.75 
mL of 20% sodium carbonate and diluted to 5 mL.  After 2 hours, the absorbance of blue 
color solution was read at 725 nm using UV-VIS spectrophotometer (Ultrospec 3300 Pro, 
Amersham Biosciences). Amount of TPC was calculated using linear regression with gallic 
acid as standard reference (0-1000 mg L
-1
).  The results are expressed as mg gallic acid 
equivalents (GAE) per g of dry sample. 
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2.2.5. Determination total carotenoids 
Extraction of pigment using acetone in nauplii was based on the method used by Buyukapar 
& Yanar (2007), where about 10 mL acetone and 2 g of anhydrous sodium sulfate were 
added to 1.0 g of Artemia sample.  The solution was mixed with a vortex mixer, and was then 
centrifuged at 5,000 rpm for 5 minutes and stored for three (3) days at 4
o
C in a refrigerator.  
After three (3) days of extraction, absorption of extract was measured at 470, 645 and 662 nm 
using UV-VIS spectrophotometer.  The concentrations of Ca, Cb and total carotenoids were 
determined according to the equations reported by Lichtenthaler & Wellburn (1983) as 
follows: 
Ca (mg L
-1
) = 11.75 Abs662 – 2.350 Abs645 
Cb (mg L
-1
) = 18.61 Abs645 – 3.960 Abs662 
Total carotenoids (mg L
-1
) = 1000 Abs470 – 2.270 Ca – 81.4 Cb/227 
 
2.2.6. Determination of antioxidant activity 
2.2.6.1.1,1-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity assay 
Scavenging activities of the extracts on the stable free radical DPPH were assayed based on 
the modified Blois method used by Bae & Lee (2010) in which the bleaching rate of DPPH is 
monitored at a characteristic wavelength in presence of the sample.  A volume of 0.5ml of the 
sample extract was mixed with 4.5 mL of 0.41 mM DPPH solution in absolute ethanol.  The 
mixture was kept for 30 minutes and then the absorbance was measured at 517 nm in UV-
VIS spectrophotometer. A lower absorbance of the reaction mixture indicates higher free 
radical scavenging activity. The DPPH scavenging activity was calculated using linear 
regression with L-ascorbic acid as standard reference (0-1000 mg L
-1
).  The results are 
expressed as mg vitamin C equivalents (VCE) per g of dry sample. 
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2.2.6.2 Total antioxidant (TA) activity  
TA activity of the samples was analyzed according to the method used by Prieto et al. (1999) 
and Prasad et al. (2009).  In brief, a 0.1 mL-aliquot of the sample was mixed with 1 mL of the 
reagent solution (0.6 mM sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium 
molybdate).  The tubes were capped and then incubated at 95
o
C for 90 min.  After the 
samples were cooled to 25
o
C, the absorbance was measured at 695 nm against a blank.  The 
blank contained 1 mL of the reagent solution without the sample.  The total antioxidant 
activity was expressed as the absorbance of the sample.  The higher absorbance value 
indicates the higher antioxidant activity.  The total antioxidant activity was calculated using 
linear regression with L-ascorbic acid as standard reference (0-1000 mg L
-1
).  The results are 
expressed as mg vitamin C equivalents (VCE) per g of dry sample. 
2.2.7. Statistical Analyses 
Differences between treatments were performed using one-way analysis of variance ANOVA 
with Duncan’s multiple range tests. The level of significance for all analyses was p<0.05. All 
treatments were conducted in triplicate unless specified. Results are all reported as dry matter 
and presented as mean ± standard error mean. 
2.3. Results  
Total polyphenol content  
Results of green tea bioencapsulation on TPC of Artemia nauplii over time and using 
different naupliar stages are presented in Figure 2.1A and 2.1B.  TPC of newly hatched 
Artemia enriched over time for 24-hrs increases significantly (p<0.05) after 3-hrs and 6-hrs.  
At these enrichment periods, GTE-enriched nauplii are significantly (p<0.05) higher than 
their control. At 12-hrs and 24-hrs, results of TPC did not significantly differ from results 
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obtained at 3-hrs (control and GTE-enriched) and 6-hrs control. The highest TPC was 
observed at GTE-enriched nauplii after 6-hrs of enrichment amounted to 8.44 ± 0.65 (mg 
GAE g
-1
 sample
-1
).   
TPC of Artemia enriched for 6hrs increases significantly (p<0.05) with the age of nauplii.  
Instar II nauplii contains the highest amount of TPC with 18.78 ± 0.45 (mg GAE g-1 sample-
1
) and 20.08 ± 0.97 (mg GAE g-1 sample-1) for control and GTE-enriched, respectively. 
However, no significant difference was observed between control and GTE-enriched nauplii 
at all stages. 
Total carotenoids 
Total carotenoids of the acetone extract Artemia nauplii enriched with GTE over time and at 
different naupliar stages are summarized in Table 1 and Table 2, respectively.  Control 
Artemia nauplii generally increase over time for 24-hrs while no trend can be found in GTE-
enriched samples. Development of bright orange color of Artemia nauplii is probably affected 
by the green color of GTE. The total carotenoid content of different naupliar stages of 
Artemia enriched for 6-hrs increases also with age of nauplii for both control and GTE-
enriched nauplii. Total carotenoids of instar II nauplii for control (112.63 ± 2.00 mg g-1 
sample
-1
) and GTE-enriched (115.34 ±  4.86 mg g-1 sample-1) are significantly (p<0.05) 
higher than newly hatched and Instar I nauplii. Although total carotenoids of GTE-enriched 
are higher than control no significant difference was observed.  In this case, chlorophylls (a 
and b) from GTE may have a contribution to the total carotenoid values. 
Antioxidant activities 
In the present study, antioxidant capacities of polyphenols extracted with 70% methanol were 
determined by DPPH-activity and TAA. Figure 2.2A shows the DPPH-activity of Artemia 
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nauplii enriched with GTE over time for 24-hrs.  Generally, DPPH free radical scavenging 
activity of GTE-enriched nauplii is higher than their control at all time.  Highest DPPH free 
radical scavenging activity was observed after 6-hrs enrichment on GTE-enriched nauplii 
which contains 42.79 ±  2.36 (mg VCE g-1 sample-1).  The trend of DPPH free radical 
scavenging activity is similar with TPC, where highest value was observed at GTE-enriched 
nauplii after 6-hrs enrichment.   
The DPPH free radical scavenging activity of GTE-enriched nauplii of the different naupliar 
stages of Artemia (see Figure 2.2B) are significantly (p<0.05) higher than their 
corresponding control. Highest results were observed at GTE-enriched nauplii of instar I and 
instar II containing 71.64 ± 2.50 (mg VCE g-1 sample-1) and 73.04 ± 1.95 (mg VCE g-1 
sample
-1
), respectively.   
TA activity of Artemia nauplii over time and at different naupliar stages are shown in Figure 
2.3A and B.  TA activities of GTE-enriched Artemia are higher than their corresponding 
control within 24-hrs enrichment, but no significant difference was observed. Unlike DPPH 
free radical scavenging activity, highest TA activity was observed significantly (p<0.05) after 
24-hrs enrichment for control (34.00 ±  2.92 mg VCE g-1 sample-1) and GTE-enriched 
(37.21± 0.95 mg VCE g-1 sample-1). This result was probably influenced by the amount of 
total carotenoids, wherein, it also increases over time.  
Enrichment using different naupliar stages also shows that GTE-enriched nauplii are higher 
than their control.  Instar II of GTE-enriched nauplii contains highest TA activity of 18.08 ± 
1.08 (mg VCE g
-1
 sample
-1
), which is significantly (p<0.05) higher than other samples. 
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Figure 2.1 Total polyphenol content (TPC) of green tea enriched Artemia salina nauplii A) 
over time B) at different naupliar stages. Each value is expressed as mean ± standard error 
mean (n=3).  Values with different letter are significantly different (p<0.05) between the 
samples. 
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Naupliar Stages  Ca (x 10
-2
) ( mg g
-1
 sample
-1
) Cb (x10
-2
) ( mg g
-1
 sample
-1
) 
Total Carotenoid ( mg g
-1
 
sample
-1
) 
of Artemia Control w/GTE Control w/GTE Control w/GTE 
Newly Hatched 0.03 ± 0.03
a 
0.53 ± 0.04
b 
0.12 ± 0.10
a 
0.38 ± 0.82
ab 
83.46 ± 1.41
a 
92.72 ± 2.21
ab 
Instar I 0.18 ± 0.0.06
a 
1.15 ± 0.02
c 
0.38 ± 0.1.80
ab 
0.44 ± 0.03
ab 
92.43 ± 3.98
ab 
99.79± 1.82
b 
Instar II 0.07 ± 0.00
a 
1.43± 0.08
d 
0.16± 0.60
a 
0.71 ± 1.79
c 
112.62 ± 1.98
c 
115.34 ± 4.86
c 
Each value is expressed as mean ± standard error mean (n=3).  Values with different letter in column are 
significantly different (p<0.05) between the samples. 
 
Enrichment Period  
Ca (x 10
-2
) (mg g
-1
 sample
-1
) Cb (x10
-2
) ( mg g
-1
 sample
-1
) 
Total Carotenoid ( mg g
-1
 
sample
-1
) 
Control w/GTE Control w/GTE Control w/GTE 
0-Hour 0.16  ± 0.08
a 
0.16  ± 0.08
a 
0.39 ± 0.16
a 
0.39 ± 0.16
a 
71.88 ± 1.78
ab 
71.88 ± 1.78
ab 
3-Hour 2.31 ± 0.15
b 
4.29 ± 0.15
bc 
3.81 ± 0.29
ab 
6.69 ± 0.24
bc 
69.67 ± 1.95
a 
84.32 ± 1.03
cd 
6-Hour 3.22 ± 0.14
b 
7.11 ± 2.65
d 
5.40 ± 0.23
ab 
10.92 ± 4.30
c 
81.15 ± 1.91
bcd 
83.37 ± 2.02
cd 
12-Hour 4.31 ± 1.02
bc 
4.09 ± 0.55
bc 
7.24 ± 1.733
bc 
5.96 ± 1.31
ab 
87.14 ± 2.49
d 
74.97 ± 7.92
abc 
24-Hour 5.64 ± 1.45
bc 
4.06 ±  8.57
bc 
8.35 ± 2.54
bc 
4.81 ± 1.61
ab 
81.74 ± 1.82
bcd 
77.81 ± 1.61
c 
Each value is expressed as mean  ± standard error mean (n=3).  Values with different letter in column are 
significantly different (p<0.05) between the samples. 
 
Table 2.1 Ca, Cb and total carotenoid of green tea enriched Artemia salina nauplii extracted with acetone over 
time.  
 
 
Table 2.2 Ca, Cb and total carotenoid of green tea enriched Artemia salina nauplii extracted with acetone at 
different naupliar stages. 
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Figure 2.2 DPPH free radical scavenging activity of green tea enriched Artemia salina 
nauplii A) over time B) at different naupliar stages. Each value is expressed as mean  ± 
standard error mean (n=3).  Values with different letter are significantly different (p<0.05) 
between the samples. 
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Figure 2.3 Total antioxidant (TA) activity of green tea enriched Artemia salina nauplii A) 
over time B) at different naupliar stages. Each value is expressed as mean ± standard error 
mean (n=3).  Values with different letter are significantly different (p<0.05) between the 
samples. 
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2.4. Discussion 
In the current study, bioencapsulation of green tea is not only done for the enhancement of 
antioxidant content of Artemia nauplii, but also, it is a way of preventing bacterial transfer 
carried by live food. The amount of 1 mg/mL (w/v) of green tea powder was proven by 
Sornsanit et al. (2002) to treat Vibrio-infected shrimp culture water. Vibrio is known to cause 
mortality in larvae, post larvae, and juveniles of up to 100% of the affected population 
(Sunaryanto & Mariyam 1987; Sarjito et al. 2012). 
Presently, there are no data in literature about the antioxidant activities of Artemia nauplii, i.e. 
on what causes it. In plants, on the other hand, it is known that the antioxidant activity of 
plant materials was due to the presence of phenolics, carotenoids and flavonoids (Barros et al. 
2007; Prasad et al. 2009). Polyphenol compounds play an important role in adsorbing and 
neutralizing free radicals, quenching singlet oxygen, and decomposing peroxides by donating 
their hydrogen (Ksouri et al. 2007). Without antioxidants like polyphenol, this group of 
radicals may interact with biological systems in a clearly cytotoxic manner (Barros et al. 
2007). 
In the present study, bioencapsulation of green tea extract to Artemia nauplii shows that 
amount TPC was more associated to age of nauplii than time of exposure.  Based on the 
result of enrichment over time, TPC values increases proportionally with time up to 6-hrs, 
drops after 12-hrs, then increase again after 24-hrs. This result was obtained probably 
because newly hatched Artemia are non-feeding nauplii and the high amount of TPC up to   
6-hrs is due to the nutrition from the stored egg yolk and the TPC attached to the cuticle. The 
drop in TPC after 12-hrs enrichment is perhaps because the nutrition stored at egg yolk was 
already utilized by the nauplii. And after 24-hrs TPC increased again, because at this time 
nauplii already molted to instar II and starts to filter feed.  
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The TPC of different naupliar stages enriched for 6-hrs proportionally increases with age of 
nauplii. Higher results using instar II nauplii can be attributed to the fact that at this stage, 
nauplii already develop a functional digestive system and can obtain their sustenance and 
other extraneous substances by filter feeding on particles from the water (Makridis & 
Vadstein 1999; Rodriguez et al. 2011). This result agrees with the results obtained by 
Rodriguez et al. (2011) where instar II Artemia nauplii also accumulated highest levels of 
metronidazole than instar I. Instar II nauplii was also used by Immanuel et al. (2004) for 
Odonus niger lipid enrichment. 
Generally,  there was no significant difference observed in TPC between control and GTE-
enriched samples regardless of length of exposure and age of nauplii (except for 3-hrs and 6-
hrs), but their DPPH free radical scavenging activity and TA activity was statistically 
different.  The improved DPPH free radical scavenging activity and TA activity on GTE-
enriched samples can be attributed to polyphenols transferred from green tea to Artemia 
nauplii during bioencapsulation.  The carotenoids present in Artemia nauplii also contributes 
to the antioxidant capacity. For control Artemia nauplii, the antioxidant activity of the sample 
is due to carotenoids present in the sample. 
In conclusion, enrichment of green tea in Artemia nauplii using bioencapsulation technique 
can improve its total polyphenol, total carotenoids and antioxidant activities. But the best 
result was obtained when instar II was used in the 6-hr enrichment.  With the current results, 
it will be interesting to investigate the effect of these GTE-enriched Artemia nauplii when 
applied to fish or shrimp larvae to improve their antioxidant capacity against stressful 
conditions. 
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CHAPTER 3 
 
Effect of green tea enriched Artemia nauplii on growth 
performance, antioxidant activity and stress resistance of guppy 
Poecilia reticulata fry 
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3.1. Introduction 
In commercial aquaculture, success in the hatchery production of fish fingerlings for stocking 
in the grow-out production system is largely dependent on the availability of suitable live 
food organisms for feeding fish larvae, fry and fingerlings (Salma et al. 2013). Though there 
have been many efforts to use artificial diets, live foods are still preferred due to the digestive 
enzymes they contain.  These enzymes play an important role in promoting the digestion and 
even growth of fish, especially in stomachless fish larvae or in larvae initially without 
stomachs (Dabrowski 1979; 1982; Chen & Lin 1992). Among the live food organisms 
currently used, Artemia are ideal because of their availability, low cost, ease of culture and 
biochemical composition (Kolkovski et al. 1997; Sorgeloos et al. 1998; Smith et al. 2004). 
Also, since Artemia are nonselective feeders, they can be enriched with nutrient supplements 
to enhance their nutritional value or with medications to provide health benefits for the 
animals to which they are to be fed (Lavens & Sorgeloos 1996; Touraki et al. 1996; 
Rodriguez et al. 2011). With the increasing demand for utilization of natural products over 
synthetic drugs, Artemia nauplii can be used as vehicle to deliver plant extract to promote 
growth and survival of the receiving aquatic animals. Plant extracts contain high antioxidants 
that can enhance the animal’s antioxidant capacity which could consequently increase its 
resistance against stress (Pan et al. 2003; Chien & Shiau 2005; Angeles et al. 2009).  
Plants contain phenolic compounds that have outstanding antioxidant and free radical 
scavenging properties (Hrelia et al. 2002). Antioxidants have shown to have multiple 
functional and remedial properties that include anti-radical, anti-carcinogenic, anti-
inflammatory oxidative stress reduction, and cardio protection (Chan 2010).  In addition to 
polyphenols, carotenoids present in plants were reported to serve as antioxidants and as 
source of vitamin A for animals (Ong &Tee 1992; Miki 1991; Briton 1995; Ni et al. 2008).   
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Green tea is an excellent source of polyphenol antioxidants, particularly of the group known 
as green tea catechins (Hrelia et al. 2002).  Enrichment of green tea to Artemia nauplii is an 
attractive method because it is straightforward, inexpensive and contains low toxins since it is 
safe for human consumption. Incorporation of green tea extract and green tea powder as 
dietary supplement was reported by Kono et al. (2000), Ishihara (2002), Cho et al. (2007), 
Abdel-Tawwab (2010), Thawonsuwam et al. (2010) and Sheikhzadeh (2011).  So far, no 
study was conducted yet on the application of green tea extract to fish fry or fish larvae via 
Artemia nauplii. 
Guppy Poecilia reticulata is considered as one of the most popular species in the world due 
to its short generation interval, easiness to breed and wonderful color variations (Whitten 
1979; Magurran 1982; Baboli et al. 2012).  Improvement of guppy production and, at the 
same time, enhancement of their antioxidant capacity, for better growth performance and 
survival rate, can be started by supplying guppy fry or larvae with appropriate nutrition. 
This study was conducted to provide information regarding the application of GTE-enriched 
Artemia nauplii as food for guppy fry to improve growth, antioxidant activity and stress 
resistance during production. 
3.2. Materials and methods 
3.2.1. Sample preparation of green tea extract (GTE) 
A pack of commercial green tea leaves was purchased from a local supermarket in Tsukuba 
City, Japan.  Tea sample was pulverized using coffee grinder and sieved at 120 µm.  Green 
tea-infused water was prepared based on the method used by Komes et al. (2010). Tea 
powder was mixed with distilled water (1 mg/mL) at 80
o
C and slowly stirred for 5 minutes.  
After extraction, the solution was cooled to room temperature and sieved at120 µm. Salinity 
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of the tea extract was adjusted by adding 3.50% artificial seawater powder and reserved for 
enrichment experiment.  
3.2.2. Hatching of Artemia  
Artemia salina cysts were obtained from a commercial supplier (A&A Marine) which 
originally came from Salt Lake, Utah, USA. Hatching of cysts were carried out with having 2 
g cysts/300 mL of 3.50% artificial sea water (Benijts et al. 1975). The 24 h-incubation was 
conducted in a thermo-controlled room set at 25
o
C with light and vigorous aeration. Newly 
hatched nauplii were separated from cyst shell and transferred to another container containing 
1 L of 3.50% salinity water.  Nauplii were incubated for another 12 hours to molt into the 
second stage (instar II). 
3.2.3. Enrichment procedure 
The instar II Artemia nauplii were separated from container using a 120 µm sieve and 
transferred to a previously prepared GTE at 3.50% salinity. Enrichment period was conducted 
for 6 hours, for it showed high results on a previous study conducted by the team (not 
published), at thermo-controlled chamber set at 25
o
C with light and aeration.   Enriched 
Artemia nauplii were collected, sieved at 120 µm, washed with tap water, and then with 
distilled water, blot dried in paper towel and finally kept at -30
o
C.  Presence of GTE in the 
gut of Artemia nauplii was observed under light microscope (Figure 3.1). 
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Figure 3.1 Photomicrograph showing the gut region of instar II Artemia nauplii after 6-hours 
enrichment without (a) and with green tea extract (b) at 3.50% salinity.  
 
3.2.4. Fish culture and feeding experiment 
Adult male and female guppy Poecilia reticulata were purchased from a commercial 
ornamental fish shop (Tsukuba City, Japan) and stocked in 250-L aquarium containing 
freshwater supplied with aeration.  They were cultured in laboratory conditions until they 
produce fry for the experiment.   
Day 0-old fry samples obtained from stocked guppies mentioned above were transferred in 
10-L aquarium containing 5 L freshwater (10 fish per aquarium).  Each aquarium was 
supplied with compressed air via air-stones using aquarium air pumps at ambient temperature 
(25
o
C).  Fish samples were fed with unenriched (control) and GTE-enriched instar II Artemia 
nauplii (those that gave highest TPC and antioxidant activities during bioencapsulation). 
Feeding was done three times a day at 9 am, 12 noon and 4 pm. Before the first feeding of 
each day, the aquaria were cleaned and one-third of the water was changed. Feeding 
experiment was done after 0, 10 and 20 days. Three replicates were maintained for every 
experimental trial.  
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3.2.5. Growth performance 
 
To determine the effect of control and GTE-enriched Artemia nauplii to guppy fry growth, 10 
pcs of fish were randomly collected from each treatment before and after the feeding 
experiment for individual weight and length determination.  For weight measurement, 
collected fish were blot-dried with a paper towel and weighed to the nearest 0.1 mg.  Each 
length was measured from head to tail of the fish using a ruler.  Fish samples for each 
treatment were pooled together and dried at 60
o
C for 24-hours.  Dried samples were grinded 
and kept in a desiccator until analyses.    
Specific growth rate was (SGR) was calculated as (SGR, % day
-1
) = 100 (ln final weight- ln 
initial weight)/ total duration of the experiment.   
3.2.6. Total polyphenol content (TPC) and antioxidant activity analyses 
Control and GTE-enriched instar II Artemia nauplii and guppy fish samples were analyzed 
for total polyphenol content (TPC) and 1,1-diphenyl-1-picrylhydrazyl (DPPH) free radical 
scavenging activity.  TPC extraction was based on the method used by Anesini et al. (2008) 
and estimated by colorimetric assay as described by Komes et al. (2010) against gallic acid as 
reference standard and reported as gallic acid equivalents (GAE) per g of dry sample. DPPH 
free radical scavenging was assayed based on the modified Blois used by Bae & Lee (2010) 
against vitamin C as reference standard and reported as mg vitamin C equivalents (VCE) per 
g of dry sample. 
3.2.7. Determination total carotenoids in Artemia nauplii 
Extraction of pigment using acetone in nauplii was based on the method used by Buyukapar 
& Yanar (2007), where about 10 mL acetone and 2 g of anhydrous sodium sulfate were 
added to 1.0 g of Artemia sample.  The solution was mixed with a vortex mixer, and was then 
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centrifuged at 5,000 rpm for 5 minutes and stored for three (3) days at 4
o
C in a refrigerator.  
After three (3) days of extraction, absorption of extract was measured at 470, 645 and 662 nm 
using UV-VIS spectrophotometer.  The concentrations of Ca, Cb and total carotenoids were 
determined according to the equations reported by Lichtenthaler & Wellburn (1983) as 
follows: 
Ca (mg L
-1
) = 11.75 Abs662 – 2.350 Abs645 
Cb (mg L
-1
) = 18.61 Abs645 – 3.960 Abs662 
Total carotenoids (mg L
-1
) = 1000 Abs470 – 2.270 Ca – 81.4 Cb/227 
3.2.8. Stress study 
A stress test was used to evaluate the resistance of guppy fry against salinity stress.  Guppy 
fry fed with enriched Artemia nauplii were exposed to 3.50% salinity (optimal salinity stress 
for guppy as reported by Lim et al. 2002) at 15 fish /L density.  Survival was monitored at 
regular interval of 1 hour until all fish samples died.    
3.2.9. Statistical analyses 
Differences between treatments were performed using one-way analysis of variance ANOVA 
with Duncan’s multiple range tests. The level of significance for all analyses was p<0.05. All 
treatments were conducted in triplicate unless specified. Results are all reported as dry matter 
and presented as mean ± standard error mean.   
3.3. Results 
Growth performance 
Growth performance of guppy fry fed with unenriched and GTE-enriched instar II Artemia 
nauplii are shown in Table 3.1. Individual length and weight of guppy fry in all treatments 
increased significantly (p<0.05) with longer feeding period.  However, no significant 
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difference (p>0.05) was observed between guppy samples fed with unenriched and GTE-
enriched Artemia nauplii.  Highest SGR was observed in guppy fish samples fed with GTE-
enriched Artemia (12.0 ± 0.9 % day -1), but no significant difference (p>0.05) was observed 
in all treatments.  
Table 3.1 Growth performances of guppy fry fed unenriched and green tea extract (GTE) 
instar II Artemia nauplii 
Mean (n=10) having the different letter in the same row are significantly different at p<0.05 
 
TPC and antioxidant activities 
TPC and antioxidant activity evaluated through DPPH free radical scavenging activity of the 
methanol extract of unenriched and GTE-enriched Artemia nauplii are shown in Table 3.2. 
Although the TPC of GTE-enriched instar II Artemia nauplii (18.57 ± 0.41 mg GAE g-1 
sample
-1
) is higher than that of the control (15.03± 0.36 mg GAE g-1 sample-1), no significant 
difference (p>0.05) was observed. Values of DPPH free radical scavenging activity, on the 
other hand, shows that that of GTE-enriched instar II Artemia nauplii (89.16 ± 9.01 mg VCE 
g
-1
 sample
-1
) is significantly higher (p<0.05)  than that of unenriched Artemia nauplii (65.42 
± 1.65 mg VCE g-1 sample-1 ) which served as control.  Also shown in Table 3.2 are the 
values of total carotenoid content present in unenriched and GTE-enriched Artemia nauplii. 
Although the amount of total carotenoid in GTE-enriched Artemia is higher than in the 
control, no significant difference (p>0.05) was found between them.  
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Table 3.2 Total polyphenol content, diphenyl picrylhydrazyl (DPPH) free radical scavenging 
activity and total carotenoids of instar II Artemia nauplii enriched without (control) and with 
green tea extract (GTE) for 6-hours.   
Mean (n=3) having the different letter in the same row are significantly different at p<0.05. 
 
Before and after feeding experiment, guppy fish samples were analyzed for TPC and results 
are summarized in Figure 3.2.  Highest TPC (20.13 ±  1.33 mg GAE g
-1
 sample
-1
) was 
observed in guppy samples fed with GTE-enriched Artemia nauplii for 10-days.  This result 
is significantly higher (p<0.05) compared to the other treatment.   
The DPPH free radical scavenging activities (Figure 3.3) of guppy fry fed with GTE-
enriched Artemia nauplii are significantly higher (p<0.05) than their corresponding control.  
Like TPC, highest DPPH free radical scavenging activity with value of 11.87 ± 0.24 (mg 
VCE g
-1
 sample
-1
) was also noted on guppy fish samples given with GTE-enriched Artemia 
nauplii for 10 days.  
Stress test 
Response of guppy fry against salinity stress is summarized in Figure 3.4.  At day 0, first 
appearance of mortality (10%) on guppy fry was observed after 1-hour exposure at 3.50% 
salinity and 100% mortality after 5-hours. The lower mortality was noted on guppy fry 
samples fed with GTE-enriched instar II Artemia for 10 days, where a fish starts to die after 6 
hours (10%) and mortality was 100% after 9 hours. At day 20, 10% of guppy fry fed with 
GTE-enriched Artemia died after 5 hours and 100% died after 8-hours of exposure. Control 
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guppy fry were observed to have faster rate of mortality compared to their corresponding 
GTE-enriched fed samples.  
 
 
 
 
 
Figure 3.2 Total polyphenol content (TPC) of guppy fry fed unenriched (control) and green 
tea extract (GTE) enriched instar II Artemia nauplii. Each value is expressed as mean ± 
standard error mean (n=3).  Values with different letter are significantly different (p<0.05) 
between samples.  Data are reported in dry matter. 
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Figure 3.3 Diphenyl picrylhydrazyl (DPPH) free radical scavenging activity of guppy fry fed 
unenriched (control) and green tea extract (GTE) enriched instar II Artemia nauplii. Each 
value is expressed as mean ± standard error mean (n=3).  Values with different letter are 
significantly different (p<0.05) between samples. Data are reported in dry matter. 
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Figure 3.4 Cumulative mortality (%) of guppy fry fed unenriched (control) and green tea 
extract (GTE) enriched instar II Artemia nauplii against salinity stress (3.50% salinity). n=15 
fish per treatment. 
 
3.4. Discussion 
Fry and larval stages of shrimp and fish are commonly fed by Artemia nauplii primarily 
because of nutrition and for effective digestion since at these stages digestive system are not 
yet fully developed or does not possess sufficient digestive enzyme activity necessary for 
effective digestion of artificial diets (Langdon  2003).  Knowing that, the most logical way of 
enhancing fry and larval fish’s antioxidant capacity for stress resistance is through their food 
which in this case is Artemia nauplii through bioencapsulation.  Bioencapsulation is a 
technique by which live-food organisms are enriched with specific nutrients or drug 
molecules and fed to the target organisms (Aruvalsu et al. 2012). 
In this study, bioencapsulation of green tea extract to Artemia nauplii was not only done for 
the enrichment of antioxidant content but, also, it is a way of preventing bacterial transfer 
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carried by live-food. The amount of 1 mg/mL (w/v) of green tea powder was proven by 
Sornsanit et al. (2002) to treat Vibrio-infected shrimp culture water. Vibrio is known to cause 
mortality in larvae, post larvae, and juveniles of up to 100% of the affected population 
(Sunaryanto & Mariyam 1987; Sarjito et al. 2012). 
Based on the results of the current study, unenriched and GTE-enriched instar II Artemia 
nauplii when given as food were consumed by guppy fry based on the improved length, 
weight and SGR (% day
-1
). But, guppy fry samples fed with GTE-enriched Artemia have 
better SGR compared to their corresponding control. A similar result was also observed by 
Aruvalsu et al. (2012) in freshwater molly (Poecilla sphenops) fish fry, where SGR was 
improved by feeding it with Artemia nauplii enriched with herbal plant extract Vitex negundo. 
Also, terrestrial herbal herbs and seaweed extract enriched to 12-day old Artemia nauplii 
improved the SGR of Penaeus indicus juveniles after 30 days of feeding (Immanuel et al. 
2004).  
These positive reports on SGR regardless of fish samples simply show the feasibility of using 
plant extracts to target aquatic animals through Artemia nauplii. The advantage of the present 
study is that the method used is simpler and safer since it utilizes water extract compared to 
ethanol and methanol which are commonly used for extracting bioactive compounds from 
plants. Also, utilization of green tea is rather practical to use for a fish farmer since it can be 
found locally at a cheaper value.  
On the other hand, a previous study conducted by Kono et al. (2000) shows that 
incorporation of green tea extract or green tea powder on fish diet of yellowtail (Seriola 
quinqueradiata) and ayu (Plecoglossus altevelis) decreases their growth.  There was also 
lower growth rate observed to juvenile olive flounder (Paralichthys olivaceus) when diet was 
incorporated with green tea.  However, on another study, a 0.5 g GT/kg diet resulted to higher 
growth rate compared to control in Nile tilapia (Abdel-Tawwab 2010).  From those studies, it 
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could be concluded that the effect of green tea when incorporated in fish diets depend on the 
species of fish.  
In plants, it is known that the antioxidant activity of plant materials was due to the presence 
of phenolics, carotenoids and flavonoids (Barros et al. 2007; Prasad et al. 2009). Polyphenol 
compounds play an important role in adsorbing and neutralizing free radicals, quenching 
singlet oxygen, and decomposing peroxides by donating their hydrogen (Ksouri et al. 2007). 
Without antioxidants like polyphenol, this group of radicals may interact with biological 
systems in a clearly cytotoxic manner (Barros et al. 2007).  
In the current study, survival of guppy fry against salinity stress was influenced by the 
presence of polyphenols ingested by guppy from GTE-enriched instar II Artemia nauplii. 
Guppy fry samples fed for 10 days have the highest resistance to salinity. This could be 
attributed to their high amount of TPC and DPPH free radical scavenging activity values, 
thus we could say that their resistance against salinity stress was improved by the presence of 
polyphenols they have ingested from the green tea extract.   
At day 20, decrease in TPC and DPPH free radical scavenging activity of guppy fry fed with 
unenriched and GTE-enriched instar II Artemia nauplii samples could be one of the reasons 
why their survival against salinity stress was lower.  At this stage, guppies are already bigger 
and the amount of TPC consumed is insufficient to enhance their antioxidant activities.  To 
improve the TPC amount on older guppy, green tea concentration could be increased, use 
older stages of Artemia nauplii so that they can ingest more amount of TPC and/or 
incorporate green tea extract on artificial diets.   
The amount of total carotenoids inherent in Artemia nauplii probably contributed as well to 
the antioxidant activity of the guppy fry samples that’s why even for control samples there 
were improvement on stress resistance compared to the initial samples. 
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In conclusion, instar II Artemia nauplii unenriched and GTE-enriched improved the growth 
performance of guppy fry better during the 20-days feeding period.  Also, GTE-enriched-
instar II-Artemia nauplii-fed guppy fry contains higher TPC and DPPH free radical 
scavenging activities which resulted to better resistance against salinity stress. However, 
better specific growth rate and survival was observed on guppy fry samples fed with GTE-
enriched Artemia nauplii with less feeding time (i.e. 10 days of feeding). It is hoped that this 
baseline information will be of potential use in freshwater ornamental production where 
stressful condition is extended up to export/import trading. 
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CHAPTER 4 
 
Influence of fish size on growth performance and stress resistance 
of freshwater ornamental fish fed green tea enriched Artemia 
nauplii 
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4.1. Introduction 
Neon tetra Paracheirodon innesi and guppy Poecilia reticulata are among the popular 
freshwater aquarium fishes around the world because of their small size, attractive color, and 
ease to culture. Starting from production to trading, these fishes are subjected to different 
forms of stress such as chemical, physical, or biological stress and sudden change of oxygen 
that may result in the formation of excessive amounts of singlet oxygen and free radicals (Pan 
et al. 2003). Formed free radicals (superoxide, hydroxyl, and lipid peroxides) may interact 
with biological systems in a clearly cytotoxic manner (Barros et al. 2007). 
To minimize these kinds of scenarios, the antioxidant capacity of the animals should be 
enhanced to increase their resistance to stress by providing them with nutritious food that 
contains high amounts of antioxidants (Chien & Shiau 2005). In larval production, Artemia 
nauplii are used extensively worldwide as live food because of their availability, low cost, 
ease of culture, and biochemical composition (Smith et al. 2004). Although there has been 
much effort to develop larval or postlarval artificial feeds, live food organisms such as 
Artemia are still preferred in hatcheries because of their digestive enzymes. Because Artemia 
are nonselective feeders, they can be enriched or fortified with nutrient supplements or 
medication to provide health benefits to which they are fed (Rodriguez et al. 2011). But 
because of emerging environmental risks of using chemotherapeutants to improve survival 
rate, the demand for using natural antioxidants increases. The best-known sources of 
antioxidants are plants that contain polyphenols with outstanding antioxidant effects and have 
the ability to donate hydrogen or electrons in a biological system to prevent damages caused 
by free radicals (Hrelia et al. 2002). 
Among the plants, green tea is the excellent source of natural antioxidant because it possesses 
polyphenols, especially catechins and phenolic acids, which have been considered the main 
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players for their beneficial effects on human health (Zuo et al. 2002). Green tea is widely 
available and biocompatible because it is the second most consumed beverage apart from 
water consumed by humans (Anesini et al. 2008). 
In the earlier chapter, feeding of green tea extract (GTE)–enriched Artemia nauplii to guppy 
fry for 10 days improved their antioxidant activity and resistance to salinity stress. To prevent 
additional feed preparation in hatcheries, this study was conducted to determine if Artemia 
nauplii enriched with green tea can also enhance the growth, the antioxidant activities, and 
the stress resistance of different sizes of freshwater ornamental fishes such as guppies (fry 
and adult stages) and neon tetras (juvenile stage) during the 10-day feeding period. 
4.2. Materials and methods 
4.2.1. Sample preparation of green tea extract (GTE) 
A pack of commercial green tea leaves was purchased from a local supermarket in Tsukuba 
City, Japan. The tea sample was pulverized using a coffee grinder and was sieved at 120 µm. 
Green tea–infused water was prepared based on the method used byKomes et al. (2010). Tea 
powder was mixed with distilled water (1 mg ml
−1
) at 80°C and slowly stirred for 5 minutes. 
After extraction, the solution was cooled to room temperature and was sieved at 120 µm. The 
salinity of the tea extract was adjusted by adding 3.50% artificial seawater powder and was 
reserved for the enrichment part of the study. 
4.2.2. Hatching of Artemia  
Artemia salina cysts were obtained from a commercial supplier (A&A Marine), which 
originally came from Salt Lake, Utah, USA. Hatching of cysts was carried out in 2 g cysts per 
300 ml of 3.50% artificial seawater (Benijts et al. 1975). The 24-hour incubation was 
conducted at room temperature with light and vigorous aeration. Newly hatched nauplii were 
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separated from cyst shells and transferred to another container containing 1 L of 3.50% 
salinity water. Nauplii were incubated for another 12 hours to molt into the second stage 
(instar II). 
4.2.3. Enrichment procedure 
The instar II Artemia nauplii were separated from the container using a 120 µm siever and 
were transferred to a previously prepared GTE at 3.50% salinity. The enrichment period was 
conducted for 6 hours, for it showed high results on a previous study by the team (not 
published), at room temperature with light and aeration. Enrichment of Artemia nauplii 
without GTE served as control. Enriched Artemia nauplii were collected, sieved at 120 µm, 
washed with tap water and then with distilled water, blot-dried in paper towel, and kept at 
−30°C.   
4.2.4. Fish samples 
Adult female guppies (32–38 mm) and juvenile neon tetras (10–15 mm) were purchased from 
a commercial ornamental fish shop (Tsukuba City, Japan) and stocked in a 250 L aquarium 
containing freshwater with aeration. Day-0-old guppy fry (8 mm) samples were collected 
from the adult guppies maintained under laboratory conditions. All fish samples were 
acclimatized to laboratory conditions and fed with the control instar II Artemia nauplii for 5 
days before the start of the experiment. 
4.2.5. Feeding experiment 
After measuring the weight, fish samples were transferred to experimental tanks containing 
10 fish per 10 L of freshwater at room temperature with mild aeration to maintain dissolved 
oxygen. Fish samples were fed ad libitum with Artemia nauplii (control and GTE-enriched) 
three times a day at 9:00 AM, 12:00 noon, and 4:00 PM. Before the first feeding of the day, the 
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aquaria were cleaned, and one-third of the water was changed. The feeding experiment was 
conducted for 10 days. Three replicates were conducted for each treatment. 
4.2.6. Growth performance 
 
To determine the effect of feeding with the control and the GTE-enriched Artemia nauplii to 
fish growth performances, five pieces of fish were randomly collected from each aquarium 
before and after the feeding experiment for individual weight. Collected fishes were blot-
dried on a paper towel and weighed to the nearest 0.1 mg. Fish samples from each treatment 
were pooled together and dried at 60°C for 24 hours. Dried samples were ground and kept in 
a desiccator until analyses. 
Specific growth rate was (SGR) was calculated as (SGR, % day
-1
) = 100 (ln final weight- ln 
initial weight)/ total duration of the experiment.   
4.2.7. Total polyphenol content (TPC) and antioxidant activity analyses 
Fish samples collected from growth performance determination were analyzed for total 
polyphenol content (TPC) and 1,1-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging 
activity. TPC extraction was based on the method used by Anesini et al. (2008) and estimated 
by colorimetric assay as described by Komes et al. (2010) against gallic acid as reference 
standard and reported as gallic acid equivalents (GAE) per g of dry sample. DPPH free 
radical scavenging activity was assayed based on the Blois-modified procedure used by Bae 
and Lee (2010) against vitamin C as reference standard and was reported as milligram 
vitamin C equivalents (VCE) per gram of dry sample. 
4.2.8. Stress study 
A stress test was used to evaluate the resistance of fish against salinity. This salinity stress 
test was suggested to be more stable than exposure to other parameters such as temperature, 
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pH, and ammonia (Lim et al. 2002). After 10 days of feeding, 15 pcs of neon tetras (juvenile) 
and guppies (fry and adult) were exposed to 1.50% (1 L) and 3.50% (1 L) salinities (optimal 
salinity stress for neon tetras and guppies as reported by Lim et al. 2002), respectively. 
Mortality was monitored at a regular interval (30 minutes) until all fish samples died. The 
cumulative mortality was calculated by summing the mortality counts noted for the whole 
run. 
4.2.9. Statistical analyses 
Differences between SGR, TPC, and DPPH free radical scavenging activity were performed 
using one-way analysis of variance (ANOVA) with Duncan’s multiple-range tests. The level 
of significance used for all analyses was p<0.05. All treatments were conducted in triplicate 
unless specified. Results were all reported as dry matter and presented as mean ± standard 
error mean. 
4.3. Results 
Growth performance 
The SGR (% day
−1
) for guppy fry, neon tetra juveniles, and guppy adults are shown in Figure 
4.1.  Results showed that the SGR (% day
−1
) of guppy fry both fed with the control and the 
enriched Artemia nauplii are significantly higher (p < 0.05) than those of neon tetra juveniles 
and guppy adults. Between the control- and the GTE-enriched-Artemia-fed fish samples, no 
statistical difference was found in all sizes. 
. 
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Figure 4.1 The % specific growth rate (% SGR day−
1
) of guppy fry, neon tetra juveniles, and 
guppy adults fed with the control and the GTE-enriched instar II Artemia nauplii for 10 days. 
Each value is expressed as mean ± standard error mean (n = 3). Values with different letters 
are significantly different (p < 0.05) between samples. 
 
Total polyphenol content and antioxidant capacities 
 TPC of fish samples is shown in Figure 4.2. Data show that TPC values of guppy fry fish 
samples (for control and GTE-enriched) are significantly higher than those of neon tetra 
juveniles and guppy adults. The highest TPC was observed in guppy fry fed with GTE-
enriched Artemia (18.52 ± 0.30 mg GAE g−1 sample−1). The TPC of neon tetra juvenile 
samples fed with GTE-enriched Artemia nauplii was significantly higher (p < 0.05) than that 
of their control-fed counterparts. In the case of guppies (fry and adult), although the values of 
TPC on samples fed with GTE-enriched Artemia were higher, no significant difference (p > 
0.05) was found when compared with their control-fed counterparts. 
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The DPPH free radical scavenging activity of fish samples are shown in Figure 4.3. The 
trend was similar to TPC, where the highest value was observed in guppy fry fed with GTE-
enriched Artemia (11.48 ± 0.46 mg VCE g−1 sample−1). No significant difference (p > 0.05) 
was found on the values for the guppies fed with either the control or the GTE-enriched 
Artemia nauplii, while for neon tetra juvenile samples, the values for fish samples fed with 
GTE-enriched Artemia were significantly higher (p < 0.05) than their control-fed 
counterparts. 
Stress Test 
Figures 4.4–6 show the % cumulative mortality of fish samples exposed at 1.50% and 3.50% 
salinities for neon tetras and guppies, respectively. Data show that guppy fry (Figure 4.4) 
samples fed with nonenriched and GTE-enriched instar II Artemia nauplii have better 
resistance to salinity stress compared with neon tetra juveniles (Figure 4.5) and guppy adults 
(Figure 4.6). Neon tetras are shown to be more sensitive than guppies in terms of salinity 
stress because the first sign of mortality was observed after 30 minutes of exposure and 100% 
mortality after only 150 minutes. As for the guppies, results show that fry samples have 
higher salt tolerance than those in the adult stage. The first sign of mortality was observed 
after 300 minutes and 180 minutes for fry and adults, respectively. A 100% mortality for 
guppy fry was observed after 600 minutes, and for adults, after 480 minutes upon exposure to 
3.50% salinity. Between guppy fry samples fed with nonenriched and GTE-enriched Artemia 
nauplii, results showed that fish samples given Artemia nauplii enriched with GTE have 
better survival than those given control Artemia nauplii under salinity stressful conditions. 
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Figure 4.2 Total polyphenol content (TPC) guppy fry, neon tetra juveniles, and guppy adults 
fed with the control and the GTE-enriched instar II Artemia nauplii for 10 days. Each value is 
expressed as mean ±  standard error mean (n = 3). Values with different letters are 
significantly different (p < 0.05) between samples. Data are reported in dry matter. 
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Figure 4.3 DPPH free radical scavenging activity of guppy fry, neon tetra juveniles, and 
guppy adults fed with the control and the GTE-enriched instar II Artemia nauplii for 10 days. 
Each value is expressed as mean ± standard error mean (n = 3). Values with different letters 
are significantly different (p < 0.05) between samples. Data are reported in dry matter. 
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Figure 4.4 The % cumulative mortality (CM) of guppy fry fed with the control and the GTE-
enriched instar II Artemia nauplii for 10 days against 3.50% salinity (n = 15).  
 
Figure 4.5 The % cumulative mortality (CM) of guppy adults fed with the control and the 
GTE-enriched instar II Artemia nauplii for 10 days against 3.50% salinity (n = 15).  
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Figure 4.6 The % cumulative mortality (CM) of neon tetra juveniles fed with the control and 
the GTE-enriched instar II Artemia nauplii for 10 days against 1.50% salinity (n = 15).  
 
4.4. Discussion 
The results of the present study show that the nonenriched and GTE-enriched instar II 
Artemia nauplii can enhance the growth of neon tetra juveniles and guppy adults, but the best 
result was observed when given to guppy fry. In a previous study conducted by Aruvalsu et 
al. (2012), freshwater fish molly Poecilia sphenops fry obtained maximum SGR when fed 
with Artemia nauplii enriched with herbal extract of Vitex negundo Linn. as opposed to those 
fed with nonenriched Artemia nauplii. The same result was obtained by Immanuel et al. 
(2004), where Penaeus indicus juveniles fed with Artemia nauplii enriched with terrestrial 
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Artemia nauplii was due to the components found in green tea such as polyphenols, protein, 
carbohydrates, fats, peptides, and organic acid (Sato & Miyata 2000; Bae & Lee 2010). 
After 10 days of feeding, data show that the amounts of TPC and DPPH free radical 
scavenging activities of fish samples fed with GTE-enriched Artemia nauplii are higher than 
their corresponding control-fed counterparts. The additional value could be attributed to the 
amount of polyphenols obtained from GTE ingested by Artemia nauplii during enrichment, 
which was later given as food to the fish. Although no significant difference (except in neon 
tetra) was observed on TPC values between fish samples fed with the control and those fed 
with the GTE-enriched instar II Artemia nauplii, the latter group exhibited better survival 
upon exposure to salinity stress. This was due to the higher value of their DPPH free radical 
scavenging activity. This scavenging activity supports the presence of polyphenols from GTE 
that accumulated in their body during feeding, which enhances the fishes’ antioxidant 
activity. DPPH free radical scavenging activity values represent how fast the polyphenols 
present in the animal’s body absorb or neutralize free radicals during stressful conditions 
(Ksouri et al. 2007). In addition, the increased amount of TPC and DPPH free radical 
scavenging activity in fish enhances their physiological response, which includes the 
functioning of osmoregulatory organs, the maintenance of plasma osmolality, ion uptake, and 
the secretion as well steroidogenesis against acute increase in salinity (Dagar et al. 2010). 
Control-fed fish samples were also observed to contain TPC and DPPH free radical 
scavenging activity, which could be attributed to the total carotenoid present in Artemia. Like 
polyphenols, carotenoids are reported to serve as antioxidants and as a source of vitamin A 
for animals (Ni et al. 2008). It was also observed that only neon tetra juveniles fed with GTE-
enriched Artemia nauplii exhibit higher amounts of TPC and DPPH free radical scavenging 
activity, which is significantly different compared with its control-fed counterparts. This 
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result was probably caused by guppies and neon tetras having different abilities to use the 
amount of nutrients from GTE. 
Based on the stress test, data show that guppy fry have better tolerance to salinity stress 
compared with neon tetra juveniles and guppy adults basically because of higher values of 
TPC and DPPH free radical scavenging activity. Insignificant increase in guppy adults could 
probably be due to the amount of TPC obtained from GTE-enriched instar II Artemia nauplii 
not being high enough to enhance their antioxidant activity. On the other hand, the nutrient 
from the yolk of guppy fry may have an additional role on their survival against salinity 
stress. 
Aside from herbal plant extract, there have been studies conducted previously on improving 
growth and stress resistance through Artemia nauplii enrichment such as vitamin C for 
freshwater prawn (Merchie et al. 1995) and Poecilia reticulata (Lim et al. 2002), stressol and 
cod liver oil for Penaeus indicus postlarvae (Citarasu et al. 1998), and Odonus niger liver oil 
for Penaeus monodon postlarvae (Immanuel et al. 2004). The advantage, however, of using 
GTE for the enrichment of Artemia nauplii as antioxidant enhancer is its availability and 
economic value. In addition, the simplicity of the extraction and enrichment procedures 
allows a hobbyist or a first-time aquaculturist to conduct the procedures on their own. 
In conclusion, the supplementation of instar II Artemia nauplii was able to improve the 
growth of fish samples. However, feeding with GTE-enriched instar II Artemia nauplii can 
only enhance the antioxidant activity of fish from fry to juvenile stages as observed in guppy 
fry and neon tetra juveniles. The current procedure, therefore, may be used as an alternative 
method for improving the survival of fish samples in stressful conditions encountered during 
larval production and during transportation. It is, thus, recommended to test GTE-enriched 
Artemia nauplii to other fish commodities to further assess its applicability to aquaculture. 
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CHAPTER 5 
 
Biochemical and digestive enzyme composition of neon tetra 
Paracheirodon innesi and guppy Poecilia reticulata fed green tea 
extract enriched Artemia nauplii 
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5. 1. Introduction 
Neon tetra Paracheirodon innesi and guppy Poecilia reticulata are among the popular 
freshwater aquarium fish around the world because of their small size, attractive color and 
ease to culture. As the commercial demand of ornamental freshwater production increases, 
cost of production also expands due to intensification that may lead to microbial diseases and 
improper nutrition.  Food nutrient value and fish health are the major important factors that 
consume production cost (Yousefian et al. 2012).  The best way to maximize food intake of a 
given fish is to characterize the composition of its digestive enzymes. From the profile of 
digestive enzymes, it is possible to predict then the ability of a species to use different 
nutrients (Hofer & Kock 1989; Furne et al. 2005). It was reported by Lemieux et al. (1999) 
that digestive protease activity is correlated to enhanced food conversion efficiency and 
growth rate in Atlantic cod.  
In larval production, Artemia nauplii are commonly used because of nutrition and as a vehicle 
for delivering nutrients and therapuetants to targeted fish. In the previous chapter (4), Artemia 
nauplii were enriched with green tea extract through bioencapsulation and were fed to neon 
tetra and guppy fish. Based on the results, fish samples fed green tea extract have better 
resistance when they were exposed to osmotic stress. 
Since green tea enriched in Artemia nauplii was able to enhance the antioxidant activity of 
the fish, it is also interesting to determine its direct effect on their nutrition. The objective of 
the present work was to analyze the biochemical and digestive enzyme composition of neon 
tetra and guppy fed green tea enriched Artemia nauplii. 
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5.2. Materials and methods 
5.2.1. Fish samples 
Adult (32-38 mm) and juvenile neon tetra (10-15 mm) were purchased from a commercial 
ornamental fish shop (Tsukuba City, Japan) and stock in 250-L aquarium containing aged tap 
water.  They were acclimatized at laboratory condition for five days before the start of 
feeding experiment.  
5.2.2. Sample preparation of green tea extract (GTE) 
A pack of commercial green tea leaves was purchased from a local supermarket in Tsukuba 
City, Japan.  Tea sample was pulverized using coffee grinder and sieved at 120 µm.  Green 
tea-water-infusion was prepared based on the method used by Komes et al. (2010). Tea 
powder was mixed with distilled water (1 mg/mL) at 80
o
C and slowly stirred for 5 minutes.  
After extraction, the solution was cooled to room temperature and sieved at 120 µm. Salinity 
of tea extract was adjusted by adding 3.50% artificial seawater powder and reserved for 
enrichment experiment.  
5.2.3. Hatching of Artemia  
Artemia salina cysts were obtained from a commercial supplier (A&A Marine) which 
originally came from Salt Lake, Utah USA. Hatching of cysts were carried out in 2 g 
cysts/300 mL of 3.50% artificial sea water (Benijts et al. 1975). The 24h-incubation was 
conducted in thermo-controlled room set at 25
o
C with light and vigorous aeration. Newly 
hatched nauplii were separated from cyst shell and transferred to another container containing 
1 L of 3.50% salinity water.  Nauplii were incubated for another 12 hours to molt into second 
stage (instar II). 
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5.2.4. Enrichment procedure 
The instar II Artemia nauplii were separated from container using a 120 µm siever and 
transferred to previously prepared GTE at 3.50% salinity. Enrichment period was conducted 
for 6 hours for it showed high results on a previous study by the team (not published), at 
thermo-controlled chamber with light and aeration at room temperature.   Enriched Artemia 
nauplii were collected, sieved at 120 µm, washed with tap water, and then with distilled 
water, blot dried in paper towel and finally kept at -30
o
C.   
5.2.5. Feeding experiment 
Fish samples were culture in experimental tanks containing 10 fish /10-L of aged tap water at 
ambient temperature (25
o
C) with mild aeration to maintain dissolved oxygen under 
laboratory conditions.  The entire experiment was conducted with three replicates for each 
treatment. Fish samples were fed ad libitum with Artemia nauplii (unenriched and GTE-
enriched) three times a day at 9 am, 12 noon and 4 pm.  Before the first feeding, the aquaria 
were cleaned and one-third of the water was changed daily.  Feeding experiment was 
conducted for 10 days. At the end of feeding period, fish samples (5 pcs aquarium
-1
) were 
starved for 24 hours, killed and their complete digestive tracts were removed and 
immediately stored at -30
o
C until analyzed. 
5.2.6. Biochemical composition
 
After feeding experiment, 5 fish aquarium
-1
 were pooled together and dried at 60
o
C overnight 
in an oven.  Dried samples of Artemia nauplii and fish samples were analyzed for total lipid 
and total protein. Total lipid was extracted with 2:1 chloroform: methanol mixture and 
purified according to the method of Folch (1957).  Determination of the lipid content was 
carried out gravimetrically.  Extraction of the total protein was conducted according to the 
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Martone (1980), where 0.2 g of the sample was digested in 25.0 mL of 1M sodium hydroxide 
solution in a boiling water–bath for 30 min.  The digest was diluted ten-fold (v/v) with water 
and protein was estimated based on Lowry method (1957) against bovine serum albumin as 
standard.   
5.2.7. Enzyme assay 
Digestive tract of starved fish samples were homogenized with cold distilled water (250 
mg/mL).  After homogenization the samples were centrifuge at 12,000 rpm for 10 minutes at 
4
o
C and the supernatant was removed for further analysis.  During preparation the 
homogenates were continuously kept on ice.   
Total protease activity was estimated by casein digestion assay following the methods by 
Walter (1984) used by Furne et al. (2005).  The enzymatic determination was made using 
several pH values over the physiological range of the digestive tract.  The buffers used were 
KCl-HCl 0.1 M (pH 1.5), glycine-HCl 0.2 M (pH 3.0), citrate 0.1 M-phosphate 0.2 M (pH 
4.0 and 7.0), Tri-HCl 0.1 M (pH 8.5 and 9.0) and glycine-NaOH 0.1 M (pH 10.0).  The 
enzymatic reaction mixtures were composed of casein at 1% (w/v) in water (0.25 mL), buffer 
(0.25 mL) and extract (0.1 mL).  It was covered for 1 hour at 37
o
C.  The reaction was stopped 
by the addition of 0.6 mL of trichloroacetic acid at 8% (w/v).  After being kept for 1 hour at 
2
o
C, the sample was centrifuged at 1,800 x g for 10 min, and absorbance of the supernatant 
measured at 280 nm.  The samples were assayed in triplicate.  L-tyrosine was used as a 
standard.  One unit of total proteolytic activity was defined as the quantity of enzyme that 
released one µmol of tyrosine mL
-1 
min
-1
.   
Amylase activity was evaluated using 1% starch solution in 20 mM sodium phosphate buffer 
pH 6.9, containing 6.0 mM NaCl as substrate (Worthington, 1993).  A total of 0.5 mL of 
substrate solution was added to 0.5 mL of enzyme preparation followed by 3 min of 
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incubation.  This was followed by addition of 0.5 mL of dinitrosalicylic acid and incubation 
in boiling water bath for 5 min.  Absorbance value at 540 nm was recorded.  Maltose was 
used as a standard, and the activity unit of 𝛼-amylase was defined as the quantity of enzyme 
that produce one umol of maltose mL
-1 
min
-1
. 
Protein content of the supernatant solutions was determined by Lowry method (1957) using 
bovine serum albumin as the standard. 
5.2.8. Statistical Analyses 
Differences between treatments were performed using one-way analysis of variance ANOVA 
with Duncan’s multiple range tests. The level of significance for all analyses was p<0.05. All 
treatments were conducted in triplicate unless specified. Results are all reported as dry matter 
and presented as mean ± standard error mean. 
5.3. Results 
In Table 5.1 the biochemical composition of neon tetra and guppy samples are shown.  
Values of total lipid for neon tetra show a higher significant difference between day 0 and 
day 10, but not between control and GTE-enriched samples.  While total lipid of guppy 
samples after day-10 is lower than the initial, no significant difference was found statistically.  
In terms of total protein, no significant difference was found among treatments in both neon 
tetra and guppy samples. 
The total proteolytic activities of Artemia nauplii are higher in unenriched (control) samples 
than GTE-enriched nauplii (Table 5.2).  The digestive tract of neon tetra also shows high 
proteolytic activities in control than samples fed GTE-enriched Artemia nauplii.  While 
guppy samples fed with GTE-enriched Artemia nauplii have higher total proteolytic activity 
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than its control.  The amylase activities of control samples are higher than GTE-enriched for 
Artemia nauplii, neon tetra and guppy. 
 
Table 5.1 Biochemical composition of neon tetra and guppy samples before and after the 10-
day feeding period.  Results are reported as dry matter and presented as mean ± standard 
error mean (n=3).   
Biochemical Composition 
Day 0 Day 10 
Control w/GTE Control w/GTE 
Neon tetra   
   
Total Lipid (%) 5.67 ± 0.00
a 
5.67 ± 0.00
a 
  11.40  ± 0.48
b 
10.10 ± 0.65
b 
Total Protein (%) 42.31 ± 0.71
a 
42.31 ± 0.71
a 
 42.41 ± 0.83
a 
42.13  ± 0.88
a 
Guppy 
    Total Lipid (%) 16.89 ± 2.21a 16.89 ± 2.21a 15.07 ±  4.61a 15.59 ± 0.74a 
Total Protein (%) 35.99 ± 2.58
a
 35.99 ± 2.58
a
 37.29 ± 1.59
a
 38.87 ± 5.32
a
 
Values within a row with different letter are significantly different (p<0.05) between samples.   
 
Table 5.2.  Total proteolytic and amylase activities of Artemia nauplii, neon tetra and guppy 
samples determined at 37
o
C. Results are presented as mean ± standard error mean (n=3).   
Samples 
Total Proteolytic Activity Amylase Activity 
(U/mg protein) (U/mg protein) 
Artemia nauplii 
  
Control 0.028 ± 0.002 0.846  ± 0.071 
w/GTE 0.019 ± 0.001 0.513  ± 0.040 
Neon tetra 
  
Control 0.019 ± 0.000 0.863  ± 0.093 
w/GTE 0.017 ± 0.000 0.763  ± 0.025 
Guppy 
  
Control 0.008 ± 0.000 0.366 ± 0.026 
w/GTE 0.009 ± 0.000 0.361 ± 0.033 
Total proteolytic activity was obtained as the sum of those determined at pH 1.5, 3.0, 4.0, 7.0, 
8.5, 9.0 and 10.0. 
Amylase activity was determined at pH 6.9. 
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Figure 5.1 shows the proteolytic activities of Artemia nauplii at different pH levels at 37
o
C. 
Generally, GTE-enriched samples are lower than control in all pH except at pH 9.0 where its 
value is almost the same with control.  Control samples have higher proteolytic activities in 
all pH levels. 
Figure 5.2 and Figure 5.3 shows the enzymatic activity of neon tetra and guppy samples 
determined at different pH values. Lowest proteolytic activity was observed at pH 4.0, 0.001 
± 0.000 (U mg
-1
 protein
-1
) and 0.002 ± 0.000 (U mg
-1
 protein
-1
) for control and GTE-enriched 
fed samples, respectively.  The highest proteolytic activity was noted at alkaline pH values 
(9.0 and 10.0).  Higher proteolytic activities were also observed at alkaline pH for guppy 
samples. Also, proteolytic activities of guppy fed GTE-enriched Artemia nauplii are slightly 
higher than control in all pH values.  But generally, GTE-enriched Artemia nauplii did not 
change the proteolytic activities in digestive tract of the fish samples. 
 
Figure 5.1 Protease activities of unenriched (control) and GTE-enriched Artemia nauplii at 
different pH. 
0.000
0.010
0.020
0.030
0.040
0.050
1.5 3.0 4.0 7.0 8.5 9.0 10.0
Sp
ec
if
ic
 a
ct
iv
it
ie
s 
(U
/m
g 
p
ro
te
in
)
pH
control
w/GTE
66 
 
 
 
 
 
 
0.000
0.010
0.020
0.030
0.040
0.050
1.5 3.0 4.0 7.0 8.5 9.0 10.0
Sp
ec
if
ic
 A
ct
iv
it
y 
(U
/m
g 
p
ro
te
in
)
pH
control
w/GTE
0.000
0.010
0.020
0.030
0.040
0.050
1.5 3.0 4.0 7.0 8.5 9.0 10.0
Sp
ec
if
ic
 A
ct
iv
it
y 
(U
/m
g 
sa
m
p
le
)
pH
control
w/GTE
Figure 5.2 Protease activities at different pH in digestive tract of neon tetra fed unenriched 
(control) and GTE-enriched Artemia nauplii.  
Figure 5.3 Protease activities at different pH in digestive tract of guppy fed unenriched 
(control) and GTE-enriched Artemia nauplii.  
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5.4. Discussions 
Polyphenols are considered as one of the anti-nutrient component together with saponin and 
phytic acid of plant based products which prevents them to be fully utilized in aquaculture 
commodities despite their availability.  In the current study, despite the fact that green tea 
contains high amount of polyphenols, green tea extract introduced via Artemia nauplii to 
neon tetra and guppy during the 10-days feeding period did not affect the biochemical 
composition (total lipid and total protein).  The anti-nutrients were probably balanced out by 
the nutritional component of Artemia nauplii or the feeding period is short to observe its 
probable antinutrivitive effect.  Previous study conducted by Kono et al. (2000) shows that 
green tea extract and green tea powder incorporated in fish diets decreases the lipid 
accumulation of yellow tail and ayu.  
Amylase activities of unenriched (control) Artemia nauplii are higher than GTE-enriched 
nauplii.  Same scenario was also observed for neon tetra and guppy samples. Amylase 
activities of neon tetra are higher than guppy samples.  Results indicate that the enzyme 
profiles of neon tetra and guppy were influenced mainly by their food intake.   
The result of the present study agrees with previous studies which postulate show that 
amylase activities are greater in omnivorous (Fange & Grove, 1979; Ugolev et al. 1983; 
Hidalgo et al. 1999, and Furne et al. 2005). Neon tetras and guppies are omnivorous animals, 
thus amylase activities expected to be higher since they need them to break down 
polysaccharides into short-chain sugars (Hidalgo et al. 1999; Natalia et al. 2004).   
Total proteases of GTE-enriched Artemia nauplii are almost halfway lower than unenriched 
samples, but almost no difference was observed between control and GTE-enriched fed 
Artemia nauplii for neon tetra and guppy.  This result indicates that green tea enrichment did 
not alter the enzyme profile of neon tetra and guppy when incorporated in Artemia nauplii.   
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The proteolytic activities of neon tetra and guppy at different pH, is similar to the pattern of 
Artemia nauplii, where high proteolytic activities at acidic condition was observed at pH 1.5 
and at alkaline pH at 8.5, 9.0 and 10.0. Higher values were observed for neon tetra than 
guppy samples. 
Proteolytic activities observed in fish at optimum pH 2.0 indicate the presence of pepsins 
(Clark et al. 1985; Hidalgo et al. 1999). In this study, Artemia nauplii fed neon tetra and 
guppy has high proteolytic activities at pH 1.5.  High pepsin secretion was also reported in 
eel, tilapia, salmon, sea bass and trout species which are all possess clear stomach region 
(Jonas et al. 1983; Torrisen 1984; Sabapathy & Teo 1993; Hidalgo et al. 1999).  Guppies and 
neon tetras are omnivorous which are stomachless, yet have pepsin found on their digestive 
tracts.  Pepsin enzyme was probably from Artemia nauplii that were supplemented to them 
during the 10-days feeding period. The low proteolytic activity observed at pH 3.0 and pH 
4.0 also shows the presence of gastric proteases in Artemia nauplii, neon tetra and guppy for 
gastric digestion (Furne et al. 2005). 
The high proteolytic activities in alkaline pH (8.5-10.0) of Artemia nauplii, neon tetra and 
guppy could be attributed to trypsin, chymotrypsin, collagenases, elastases, carboxypeptidase, 
which have been reported in different types of fish (Eshel et al. 1993; Chiu & Pan, 2002; 
Chong et al. 2002; Furne et al. 2005).  This result was further supported by other reports 
which showed that carp (Jonas et al. 1983), halibut and turbot (Glass et al. 1989), goldfish 
(Hidalgo et al. 1999) and discuss (Chong et al. 2002) have maximum protease activities at 
pH 8.0-10.0.   
Despite many studies on enzyme characterization, comparing of enzyme results with other 
species from different studies is difficult as often highlighted by other researchers because of 
the difference in sampling and preparation of enzyme extract from tissues (Alarcon et al. 
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1999; Hidalgo et al. 1999; Chong et al. 2002; Natalia et al. 2004).  In the present study, 
enzyme profile of neon tetra and guppy fed unenriched and GTE-enriched Artemia nauplii 
was presented. The existence of proteolytic activities at different pH levels means that 
Artemia nauplii were able to enhance enzymes present on the digestive tract of neon tetra and 
guppy regardless of their feeding habit.  
In summary, no significant difference was observed on biochemical composition of neon 
tetra and guppy in terms of their total lipid and protein. Also, no major changes occurred in 
the digestive enzyme composition on the two freshwater ornamental fishes when they fed 
with GTE-enriched Artemia nauplii. With protease enzymes presented at different pH level, 
future studies should be investigated to determine if these two mentioned ornamental fishes 
can digest a wider range of ingredients, for the development of cost-effective formulated feed 
for intensive farming. 
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CHAPTER 6 
 
General Discussion and Conclusion 
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Mortalities due to stress events routinely occur in aquaculture that lead to substantial 
economic losses, especially for ornamental fish production where exposure to stresses does 
not end in the production period (Dagar 2010).   During ornamental fish export business, 
freight costs range from 30% to more than 100% of the fish cost and in order to cut down the 
expenses, fish are packed in heavy densities (Lim & Chua 1993; Lim et al. 2002). 
Ornamental fish undergo stress due to handling procedures (e.g., selection, sorting, etc.) prior 
to packing, loading and unloading processes, crowding, and adverse water quality conditions 
during transportation which often takes up to 48-hours (Lim et al. 2002).  Fish with low 
resistance cannot withstand the stresses encountered during the transportation process, 
leading to relatively high post-shipment mortality within a week of arrival. This low 
resistance to stress is due to sub-optimal physiological conditions arising from infectious 
diseases, nutritional deficiencies, poor water quality, etc. (Lim et al. 2002). 
Until now, there are still no adequate practical solutions to common stresses experience by 
fish during the culture period up to trading.  And the best way to offset this stressful scenario 
is to enhance the antioxidant capacity of the aquatic animals from larval production by 
providing them with high containing antioxidant compounds through their nutrition.  Since 
majority of hatcheries prefers Artemia nauplii as live food, this study focused on 
incorporating green tea extract (which are known to posses high containing antioxidants) 
through bioencapsulation technique. 
Chapter 2 of this paper determined the best condition of incorporating green tea extract 
(GTE) in optimizing the total polyphenol content, total carotenoid and antioxidant activity of 
Artemia nauplii. One condition was based on contact time where newly hatched Artemia 
nauplii were exposed to green tea extract up to 24-hours.  Prior to enrichment study, a 
preliminary run was conducted to green tea extract alone to determine the stability of 
polyphenols and its antioxidant activities.  In the preliminary run, total polyphenol content 
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(TPC) and antioxidant activities of green tea extract at 3.50% salinity and with aeration show 
no significant difference within 24-hours.  And generally, the most appropriate enrichment 
technique for newly hatched Artemia is commonly applied to 24-h period after hatching (Han 
et al. 2000; Makridis et al. 2000; Sorgeloos et al. 2001; Stewart et al. 2000; Woods 2003; 
Ando et al. 2004; Hai et al. 2010). 
Another condition was exposing different naupliar stages of Artemia nauplii for 6-h (time 
where highest result was observed during preliminary run) enrichment period.  The three (3) 
early naupliar stages were used, since the nutrients of Artemia from their yolk are still intact, 
thus no additional food is needed for their survival.  
Results of the enrichment study shows that incorporation of GTE to Artemia was more 
associated to age of nauplii than time of exposure.  GTE-enriched instar II Artemia nauplii 
registered the highest TPC, total carotenoid and DPPH free radical scavenging activity.  High 
results can be attributed to the fact that at this stage, nauplii already develop a functional 
digestive system and can obtain their sustenance and other extraneous substance by filter 
feeding on particles from the water (Makridis & Vadstein 1999; Rodriguez et al. 2011). This 
result agrees with the results obtained by Rodriguez et al. (2011) where instar II Artemia 
nauplii also accumulated highest levels of metronidazole than instar I. Instar II nauplii was 
also used by Immanuel et al. (2004) for Odonus niger lipid enrichment. The values of TPC 
and antioxidant activities obtained using newly hatched and instar I was probably due to the 
nutrition they obtained from their yolk or to the TPC attached to their cuticle.  
Aside from TPC, total carotenoids present in Artemia nauplii in all stages also contributes to 
the antioxidant activity results.  Total carotenoids could be the one responsible for the 
antioxidant capacity of unenriched Artemia.   
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From the results obtained in Chapter 2, GTE-enriched Instar II Artemia nauplii were given to 
guppy fry (Chapter 3) and marketable ornamental fishes (Chapter 4).  
In chapter 3, application of GTE-enriched Artemia nauplii were fed to guppy fry for 20 days 
(marketable size for guppy fry) to determine its effect on their growth performance, 
antioxidant activity and stress resistance against salinity.  Salinity stress test was developed 
by Lim et al. (2002) to quantitatively evaluate the guppies’ resistance before a stressful 
condition, such as shipment (Dagar 2010).  This stress test was suggested to be more stable 
than exposure to other parameters such as temperature, pH and ammonia (Lim et al. 2003; 
Dagar 2010). 
Success on hatchery production also includes high growth rate and better survival.  Overall 
results show that guppy fry were able to ingest and utilize the nutrients of Artemia nauplii as 
shown on their improved specific growth rate (SPG) from day 0 to day 20 samples. The 
results obtained on this study aggress with the results obtained by Aruvalsu et al. (2012) for 
freshwater molly Poecilla sphenops fish fry.  Aruvalsu et al. (2012) shows that specific 
growth rate was improved by feeding with Artemia nauplii enriched with herbal plant extract 
Vitex negundo. Results also indicate shifting of live feed organisms from feeding young fish 
in the industry from Moina to Artemia was successful.  Aquaculturist prefers Artemia over 
Moina since the latter is cultured in water enriched with organic manure (unhygienic 
environment) that might threaten the health of freshwater ornamental fishes due to bacterial 
diseases that comes along with it (Lim et al. 2001, Sales 2003). 
Green tea enrichment is also a way of decreasing bacteria present in water since 1 mg/mL 
concentration was proven by Sornsanit et al. (2002) can treat Vibrio-infected shrimp culture 
water. In the field, Vibrio can cause mortality in larvae, post larvae, and juveniles up to 100% 
of affected population.  
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Survival of guppy fry against salinity stress was influenced by the presence of polyphenols 
ingested by guppy from GTE-enriched instar II Artemia nauplii. High resistance of guppy fry 
was observed after 10 days of feeding with GTE-enriched Artemia.  At day 10, TPC and 
DPPH free radical scavenging activity possesses the highest values, thus we could say that 
their resistance against salinity stress was influenced by the polyphenols they have ingested 
from the green tea extract.   
At day 20, decrease in TPC and DPPH free radical scavenging activity of guppy fry fed 
unenriched (control) and GTE-enriched instar II Artemia nauplii samples could be the reason 
why their survival against salinity stress was lower.  At these stages, TPC was probably 
utilized by fish for their growth performance than on enhancing their antioxidant activities.  
To improve the TPC amount on older guppy, green tea concentration could be increased, 
used older stages of Artemia nauplii so that they can ingest more amount of TPC or 
incorporate green tea extract on artificial diets.   
To prevent many feed preparation in hatcheries or in the field, GTE-enriched Artemia nauplii 
were also applied to marketable size ornamental fishes like neon tetra and adult guppy 
(Chapter 4). During trading, different sizes of ornamental fish are used, thus the objective of 
this study was to determine the influence of fish size on growth performance and stress 
resistance of freshwater ornamental fish fed green tea enriched Artemia nauplii. The 10-days 
short term feeding trial was conducted based on the results obtained in Chapter 3 for guppy 
fry.  
Chapter 4 shows that unenriched and GTE-enriched instar II Artemia nauplii can enhance 
neon tetra and guppy fish samples regardless of their size.  In a previous study conducted by 
Aruvalsu et al. (2012), freshwater fish molly Poecilia sphenops fry obtained maximum 
specific growth rate (SGR) when fed with Artemia nauplii enriched with herbal extract of 
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Vitex negundo Linn. than unenriched Artemia nauplii. The same result was also obtained by 
Immanuel et al. (2004) where, Penaeus indicus juveniles fed with Artemia nauplii enriched 
with terrestrial herbs and seaweed powder has higher SGR than unenriched Artemia nauplii. 
In this case, SGR of guppy fry samples are significantly higher (p<0.05) compared to neon 
tetra juveniles and guppy adults.  The SGR of fish samples fed with GTE-enriched instar II 
Artemia nauplii are higher than their corresponding control, but no significant (p>0.05) 
difference was observed between them. The improvement in SGR of fish samples fed with 
GTE- enriched Artemia nauplii was due to the component found in green tea like 
polyphenols, protein, carbohydrates, fats, peptides and organic acid (Sato & Miyata 2000; 
Bae & Lee 2010).   
Generally, after 10-days of feeding period, no significant difference was observed on TPC 
values between fish samples fed unenriched (control) and GTE-enriched instar II nauplii but 
the latter samples have better survival upon exposure to salinity stress.  This was due to the 
high value of their DPPH free radical scavenging activity which supports the presence of 
polyphenols from green tea extract that were accumulated to their body during feeding which 
enhances the fish’ antioxidant capacity. DPPH free radical scavenging activity demonstrates 
how fast the polyphenols present in the animal’s body absorbed or neutralize free radicals 
during stressful conditions (Ksouri et al, 2007). 
With respect to size, guppy fry has higher tolerance to salinity stress compared to neon tetra 
juveniles and adult guppy basically due to the presence of their high values of TPC and 
DPPH free radical scavenging activity. For adult guppies, the amount of TPC obtained from 
GTE-enriched instar II Artemia nauplii is probably low enough to enhance their antioxidant 
activity.  Also, the nutrient of guppy fry from its yolk may have an additional role on its 
survival against salinity stress.  
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Lastly, since green tea enriched in Artemia nauplii was able to enhance the antioxidant 
activity of fish, it is also interesting to determine its direct effect on their nutrition. Chapter 5 
presents the biochemical and digestive enzyme composition of neon tetra and guppy fed 
green tea enriched Artemia nauplii to further test its applicability in freshwater ornamental 
farming. 
The current study shows that despite containing high amount of polyphenols (considered as 
one of anti-nutrition in aquaculture)  green tea extract introduced via Artemia nauplii to neon 
tetra and guppy during the 10-days feeding period did not affect their biochemical 
composition (total lipid and total protein).  The anti-nutrients were probably balanced out by 
the nutritional component of Artemia nauplii or the feeding period is short to observe its 
probable antinutrivitive effect.   
With regards to enzyme composition, amylase activities of unenriched (control) Artemia 
nauplii are higher than GTE-enriched nauplii.  Same scenario was also observed for neon 
tetra and guppy samples. Amylase activities of neon tetra are higher than guppy samples.  
Results indicate that the enzyme profiles of neon tetra and guppy were influenced mainly by 
their food intake.   
Neon tetras and guppies are omnivorous aquatic animals which feed both plant and meat 
food.  Amylase activities are often reported in herbivorous and omnivorous species because 
they are needed to break down polysaccharides into short-chain sugars (Hidalgo et al. 1999; 
Natalia et al. 2004).  The result of the present study agree with previous studies which 
postulate show that amylase activities are greater in omnivorous than carnivorous fish (Fange 
& Grove, 1979; Ugolev et al. 1983; Hidalgo et al. 1999 and Furne et al. 2005).   
The proteolytic activities of neon tetra and guppy at different pH, is similar to the pattern of 
Artemia nauplii, where high proteolytic activities at acidic condition was observed at pH 1.5 
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and at alkaline pH at 8.5, 9.0 and 10.0. Higher values were observed for neon tetra than 
guppy samples. 
Proteolytic activities observed in fish at optimum pH 2.0 indicate the presence of pepsins 
(Clark et al. 1985; Hidalgo et al. 1999). In this study, Artemia nauplii fed neon tetra and 
guppy has high proteolytic activities at pH 1.5.  High pepsin secretion was also reported in 
eel, tilapia, salmon, sea bass and trout species which are all possess clear stomach region 
(Jonas et al. 1983; Twining et al. 1983; Torrisen 1984; Sabapathy & Teo 1993; Yamada et al. 
1993; Hidalgo et al. 1999).  Guppies and neon tetras are omnivorous which are stomachless, 
yet have pepsin found on their digestive tracts.  Pepsin enzyme was probably from Artemia 
nauplii that were supplemented to them during the 10-days feeding period. The low 
proteolytic activity observed at pH 3.0 and pH 4.0 also shows the presence of gastric 
proteases in Artemia nauplii, neon tetra and guppy for gastric digestion (Furne et al. 2005). 
The high proteolytic activities in alkaline pH (8.5-10.0) of Artemia nauplii, neon tetra and 
guppy could be attributed to trypsin, chymotrypsin, collagenases, elastases, carboxypeptidase, 
which have been reported in different types of fish (Eshel et al. 1993; Chiu & Pan 2002); 
Chong et al. 2002; Furne et al. 2005).  This result was further supported by other reports 
which showed that carp (Jonas et al. 1983), halibut and turbot (Glass et al. 1989), goldfish 
(Hidalgo et al. 1999) and discuss (Chong et al. 2002) have maximum protease activities at 
pH 8.0-10.0.   
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Conclusion and recommendation  
In summary, green tea enrichment using Artemia nauplii via bioencapsulation technique 
could be the best alternative for improving the antioxidant capacity of freshwater ornamental 
fishes.  The simplicity and versatility of the designed enrichment process could cater small 
scale farmers, hobbyist and beginner aquaculturist.  Utilization of green tea as source of 
natural antioxidants is cheap and free of environmental risks that make it attractable to 
developing countries who are majority exporters of ornamental fish in the world.  Green tea 
bioencapsulation using Artemia nauplii is also a practical method of introducing natural 
antioxidants to smaller fishes because direct application of tea powder or extract to water, 
lowers the pH of the environment, which is detrimental to aquatic animals. 
To further establish the capability of GTE-enriched Artemia nauplii, it needs to be tested on 
other freshwater ornamental commodities, at longer feeding period or higher dosage. Also, 
incorporation of green tea extract or powder in artificial diets for adult stages is 
recommended.  Stress resistance can be tested starting from larval stage up to trading for 
additional validity of green tea as antioxidant enhancer for aquatic animals. 
It is also interesting to know the possible effect of high containing antioxidant on the 
pigmentation of colorful ornamental fishes.   
And lastly, with the given digestive enzyme profile of neon tetra and guppy at different pH, 
formulation and development of cost-effective formulated feed for intensive farming is 
highly recommended. 
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